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Communicated  by  the  Secretanea  of  the  Eoyal  Society, 

IL  **0n  the  Correlation  of  the  Mental  and  Physical  Characters  in 
Man.  Part  IL"  By  Alice  Lee,  D.Sc.,  Marie  A.  Lewenz, 
B,A,,  and  Ivarl  Pearkon,  F.R.S. 

IIL  **  Contributions  to  a  Theory  of  the  Capillary  Electroineter.  IL — 
On  an  Improved  Form  of  Instrnmeiit*"  By  G.  J.  BuRCH, 
M,A,  Oxori.,  RR.S. 


IV.  "All  Experimental  I)  etertni  nation  of  the  Variation  of  the  Critical 


Ill 

Presideni.SiT  Wmmm  Huggins,  K.C.B.,  O.M.,  D.C.L.,  LL.D. 
Treasurer, — Alfred  Bray  Kerape,  M.A. 

Secretaries,-- i^'^  ^**'^^^^  ^^^^^'  ^'^'^-  ^•^•^•»  ^^•^• 
\  Joseph  Larmor,  M.A.,  D.Sc,  LL.D. 

Foreign  Secretary — Thomas  Edward  Thorpe,  C.B.,  Sc.D. 

Other  Members  of  the  Council. — William  Bateson,  M.A.;  William 
Thomas  Blanford,  LL.D.;  Professor  Hugh  Longbourne  Callendar,  M.A., 
LL.D. ;  Francis  Darwin,  M.A. ;  Professor  Harold  Bally  Dixon,  M.A. ; 
Professor  George  Carey  Foster,  LL.D. ;  Right  Hon.  Sir  John  E.  Gorst, 
M.A. ;  Professor  John  Wesley  Judd,  C.B.,  LL.D. ;  Right  Hon.  the  Lord 
Lister,  O.M.,  F.R.C.S. ;  Professor  (xeorge  Downing  Liveing,  M.A. ; 
Professor  Augustus  Edward  Hough  Love,  M.A. ;  Professor  Henry 
Alexander  Miers,  M.A. ;  Professor  Edward  Albert  Schiifer,  LL.D. ; 
Captain  Thomas  Henry  Tizard,  R.N.,  C.B. ;  Professor  Herbert  Hall 
Turner,  M.A. ;  and  Sir  John  Wolfe  Barry,  K.C.B.,  LL.D. 

The  following  Papers  were  read : — 

L  "  Experiments  on  the  Effect  of  Mineral  Starvation  on  the  Para- 
sitism of  the  Uredine  Fungus  Puccinia  dispersa  on  Species  of 
Bromus"    By  Professor  H.  Marshall  Ward,  F.R.S. 

IL  **  Note  upon  Descending  Intrinsic  Spinal  Tracts  in  the  Mam- 
malian Spinal  Cord."  By  Professor  C.  S.  Sherrington,  F.R.S., 
and  Dr.  E.  E.  Laslett. 

HI.  "  The  Inter-relationship  of  Variola  and  Vaccinia."  By  Dr.  S. 
MoNCKTON  CoPEMAN.  Communicated  by  Lord  Lister, 
F.R.S. 

IV.  "  The  Colour-physiology  of  the  Higher  Crustacea."  By  F.  Keeble 
and  F.  W.  Gamble.  Communicated  by  Professor  S.  J. 
HiCKSON,  F.R.S. 


December  1,  1902. 

Anniversary  Meeting. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

The  Report  of  the  Auditors  of  the  Treasurer's  accounts  was  read,  and 
the  thanks  of  the  Society  wore  given  to  the  Treasurer  and  to  the 
Auditors. 

The  List  of  Fellows  deceased  and  Fellows  elected  into  the  Society 
since  the  last  Anniversary  was  read. 


The  Report  to  the  Society  f  t-oni  the  Council  upon  their  work  during 
tho  pist  year  was,  upon  the  motion  of  the  President,  received. 

The  President  delivered  his  Anniversary  Address,  and,  on  the 
motion  of  Sir  John  Evans,  seeondcxl  hy  Dr.  Sclat^r,  the  thanks  of  the 
Society  were  given  to  the  President  for  hia  Address,  and  he  was, 
requested  to  allow  it  to  be  printed. 

The  Awards  of  the  Medals  for  the  year  wore  annoimccd  as  follows, 
and  the  Meduls  were  pre  acute  d  from  the  Chair ; — 

The  Copley  Medal To  Lord  Lister,  F.  R.S. 

The  Rumford  Medal  ..,  „   the  Hon,  Charles  A.  Parsons,  F,RS. 

A  Eoyal  Medal Pi-of .  Horace  Lamb,  F.K.S. 

A  Royal  Medal  „    Prof.  Edward  A.  Schiifer,  FJLS. 

The  Davy  Mu(kl    ......  ,,    Prof.  Svante  August  Arrheniua. 

The  Darwin  Medal „    Mr,  Francis  Galton,  F.KS, 

The  Buchanan  Medid  ..      „    Dr.  Sydney  A,  Monckton  Oopenian. 
The  Hughes  Medal „    Prof.  Joseph  John  Thomson,  FJLS. 

The  President  having,  with  the  consent  of  the  Society,  nominated 
Dr.  Giinther  and  Major  MacMahon  as  scrutators  to  assist  the  SeereUirics 
in  examining  the  balloting  Hats  for  the  election  of  Council  and  Officers, 


JDecembej'  4,  1902. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  President  announced  that  he  had  appointed  as  Vice-Presidents 
for  the  ensuing  year — 

The  Treasurer. 
Dr.  Blanford. 

Professor  G.  Carey  Foster, 
Professor  Judd. 

The  following  Papers  were  read : — 

I.  "On  the  *  Blaze  Currents'  of  the  Incubated  Hen's  Egg."    By 
Dr.  A.  D.  Waller,  F.R.S. 

11.  "  On  the  *  Blaze  Currents  '  of  the  Crystalline  Lens."  By  Dr.  A.  D. 
Waller,  F.RS.,  and  A.  M.  Waller. 

III.  "  A  Contribution  to  the  Question  of  *  Blaze  Currents.' "     By  Dr. 

A.  DuRiG.    Communicated  by  Dr.  A.  D.  Waller,  F.R.S. 

IV.  "  On  the  Similarity  of  the  Short-period  Pressure  Variation  over 

Large  Areas."     By  Sir  Norman  Lockyer,  F.R.S.,  and  Dr. 
W.  J.  S.  Lockyer. 

V.  "  Isomeric  Change  in  Benzene  Derivatives. — The  Interchange  of 
Halogen  and  Hydroxyl  in  Benzenediazonium  Hydroxides." 
By  Dr.  K.  J.  P.  Orton.  Communicated  by  Professor  Arm- 
strong, F.RS. 

VI.  "  On  the  Vibrations  and  Stability  of  a  Gravitating  Planet."  By 
J.  H.  Jeans.  Communicated  by  Professor  G.  H.  Darwin, 
F.RS. 


VI 


December  11,  1902. 
SIK  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 
Mr.  Hugh  Frank  Newall  was  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "  On  certain  Properties  of  the  Alloys  of  the  Gold-Silver  Series." 
By  the  late  Sir  Wm.  Roberts-Austen,  K.C.B.,  F.R.S.,  and 
Dr.  T.  KiRKE  Rose. 

II.  "  The  Spectrum  of  y  Cygni."  By  Sir  Norman  Lockyer,  K.C.B., 
F.R.S.,  and  F.  E.  Baxandall. 

III.  "  Abnormal  Changes  in  some  Lines  in  the  Spectrum  of  Lithium." 
By  Hugh  Ramage,  B.A.  Communicated  by  Professor 
Liveing,  F.R.S. 

IV.  "Quaternions  and  Projective  Geometry."  By  Professor  C.  J. 
JoLY,  F.T.C.D.    Communicated  by  Sir  Robert  Ball,  F.R.S. 

V.  **An  Error  in  the  Estimation  of  the  Specific  Gravity  of  the 
Blood  by  Hammerschlag's  Method,  when  employed  in  connec- 
tion with  Hydrometers."  By  Dr.  A.  G.  Levy.  Communi- 
cated by  Sir  Victor  Horsley,  F.R.S. 

VI.  "The  Specific  Heats  of  Metals  and  the  Relation  of  Specific  Heat 
to  Atomic  Weight.  Part  II."  By  Professor  W.  A.  Tilden, 
F.R.S. 

The  Society  adjourned  over  the  Christmas   Recess  to  Thursday, 
January  22,  1903. 


January  22,  1903. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

The  Right  Hon.  Horace  Plunkett,  a  Member  of  His  Majesty's  Most 
Honourable  Privy  Council,  was  admitted  into  the  Society. 

A  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 


The  following  Papers  were  read : — 

I-  "Preliminary  Note  on  the  Relationships  between  Sun-spots  and 
Terrestrial  Magnetism.'    By  C.  Chree,  M.A.,  Sc.D.,  F.RS. 

II.  "  Characteristics  of  Electric  Earth-current  Disturbances,  and  their 
Origin."  By  J.  K  Taylor.  Communicated  by  Sir  Oliver 
Lodge,  F.R.S. 

m.  «  Solar  Eclipse  of  1900,  May  28th. — General  Discussion  of  Spectro- 
scopic Results."  By  J.  Evershed,  F.R.A.S.  Communicated 
by  the  Joint  Permanent  Eclipse  Committee. 

I^-  "Some  Dielectric  Properties  of  Solid  Glycerine."  By  Professor 
Ernest  Wii^on.  Communicated  by  Sir  William  Preece, 
K.C.B.,  F.R.S. 

^-  "On  the  Electrodynamic  and  Thermal  Relations  of  Energy  of 
Magnetisation."     By  Dr.  J.  Larmor,  Sec.  R.S. 


January  29,  1903. 

Sir  William  HUGGINS,  K.C.B.,  0.M.,  President,  in  the  Chair. 

The  Right  Hon.  Lord  Alverstone,  Lord  Chief  Justice,  was  admitted 
into  the  Society. 

A  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 


The  following  Papers  were  read : — 

I.  "  The  Relation  between  Solar  Prominences  and  Terrestrial  Mag- 
netism." By  Sir  Norman  Lockyer,  K.C.B.,  F.R.S.,  and 
Dr.  W.  J.  S.  Lockyer. 


11 

II.  "  The  Bending  of  Electric  Waves  round  u  Conducting  Obstacl 
By  H.  M.  Macdonald,  M.A.,  F.R.S. 

III.  "  On  Skew  Refraction  through  a  Lens;  and  on  the  Hollow  Per 
given  by  an  Annulus  of  a  very  obliquely  placed  Lens." 
J.  D.  Everett,  M.A.,  D.C.L.,  F.RS. 


\ 
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February  12,  190:i 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

-A  List  of  the  Presents  was  laid  on  the  tiible,  and  thanks  ordered  for 
ttmem. 

The  President  made  reference  to  the  great  loss  which  the  Society 
h^Mil  sustained  through  the  death  of  Sir  George  Gabriel  Stokes,  Past- 
Pi*csident,  and  read  the  following  letter,  which  had  been  drawn  up  by 
tH^  Council  for  dispatch  to  Sir  Arthur  Stokes,  Bart. : — 

"  Boijal  Soriehj, 

"  BurHiujUm  IIousu'^  Jf\, 
''Fehrmrtf  12,  1903. 
"  Dear  Sir  Arthur, 

*  *  We  are  desired  by  the  President  and  Council  of  the  Royal  Society, 
and  by  the  Fellows  assembled  at  the  ordinary  meeting  held  this  day, 
to  make  known  to  you,  and  to  your  sister,  Mrs.  L.  Humphry,  their 
ttioet  sincere  sympathy  in  the  great  loss  which  has  fallen  upon  you 
tt»  rough  the  death  of  your  illustrious  father. 

^•For  the  long  period  of  thirty-one  years  the  Society  was  greatl\' 
sti^engthened  by  the  presence  of  your  father  as  one  of  its  Rccretiirics. 
throughout  this  period  his  labours  were  unremitting,  both  in  the* 
"^scharge  of  his  official  duties  and  in  assistance  given  to  the  work  of 
"^clividual  Fellows ;  they  were  thus  most  fruitful  for  the  progress  of 
^^enee.  For  five  years  the  Society  was  proud  to  claim  him  as  its 
^^"esident. 

**  Among  the  great  names  which  are  to  be  found  in  the  roll  of  the 
*^^iety,  your  father's  will  always  be  held  in  honour  among  the 
Neatest. 

**It  may  be  some  little  consolation  to  you  in  your  present  great 
S^^ei  to  \ye  told  how  much  his  brethren  in  science  admired,  and  while 
^**tiiring,  loved  him. 

"  We  are, 

**  Yours  very  tmly, 

"  (Sd.)    M.  Foster, 
*'J.  Larmur, 

^ir  Arthur  //.  S(oh<i,  Jhxrf," 

The  following  Papers  were  read : — 

I.  "  On  the  Decline  of  the  Injury  Current  in  Mammaliaw  ^e\\c, 
and  its  ModificatJo/y  by  Changes  of  TempcratUTC— P\c\\\\\v 


IV 


nary  Coinmnnieatioii."     By  Miss  S.  C.  M.  So\rrr*K  .mil  J.  S* 
Macponald.      CommnmVuted  by  Professor  Shrr«t\gTii\\ 

IL  *'  On  the  Negative  YaH;ition  in  the  Nervefl  of  Wrirm-l>lf>o<leil 
Animals/'  By  Dr.  N*  H*  Auxm:*k.  ConnnuTricAtiMl  hy 
Dr.  WALt.KR,  RRS. 

III.  "On  the  OptiaLl  Activity  of  Huemogloliin  and  Globin/'  By 
Professor  Gamcek,  F.R.8.,  nnfl  A.  CtiOFT  HifJ.. 

IV*  "  On  the  Xuclcfvpnitei*!*^  of  the  Panf*rc;is,  Thymus,  and  Supra* 
renal  Glaiul,  with  cspeeinl  Kefcrence  to  their  Optical 
Activity/'  By  Professor  (UMfiKK,  FJiX,  and  PrafesBor 
W.  JnxEs. 

V.  "  Stiwliefl  in  the  Morphologj'  of  Spore-prcxliicing  Memlwrs* 
No.  V.^General  Compjtmona  and  Conclusion,"  15 v  Pio- 
fcsaor  K  6.  Bimim,  FJi.S. 

Vr.  '*  Primitive  Knot  and  Early  Oastruhition  Cavity  eo-existing  with 
Tn<lependent  Primitive  Streak  in  f>r/ittfutrhtfttrhuK^^  By  Pr*>- 
fcsaor  J.  T,  Wti.sox  and  J.  P.  HlLU*  ComminticatetJ  by 
Professor  Howkh,  FJi,S. 


/ 


February  26,  1903. 
Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

-A  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 
tlmem. 

T'fa.c  Bakerian  Lecture,  "  On  the  Constitution  of  the  Copper-Tin  Series 
of  Alloys,"  was  delivered  by  C.  T.  Heycock,  F.R.S.,  and  F.  H 
Neville,  F.R.S. 


March  5,  1903. 

Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

t^rofessor  Gosta  Mittag-Leffler,  For.  Mem.  R.S.  (elected  1896)  was 
*^^3iitted  into  the  Society. 

^  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 

In  pursuance  of  the  Statutes,  the  names  of  Candidates  for  election 
^^'t^o  the  Society  were  read  ais  follows : — 

'  Chattock,  Arthur  Prince. 
Clowes,  Frank. 
Copeman,  Sydney  Monckton. 
Corfield,  Professor  William  Henry. 
Crompton,  Rookes  Evelyn  B. 
Crookshank,      Professor      Edgar 

March. 
Darwin,  Horace. 
Davison,  Charles. 
Dendy,  Professor  Arthur. 
Dines,  William  Henry. 
Dobbie,      Professor      James 

Johnstone. 
Durston,  Sir  Albert  John. 
Garrod,  Archibald  Edward. 
Goodrich,  Ed^vin  S. 
Gray,  Professor  Thomas. 


^^ami,  John  George. 
^Jlcn,  Alfred  Henry. 
^T'dagh,  Major-General  Sir  John. 
^^Uance,  Charles  Alfred, 
^ther,  Francis  Arthur, 
^yliss,  William  Maddock. 
^iles,  Professor  John  Harvard. 
Wnnie,  Sir  Alexander  Richardson. 
^Hdge,  Professor  Thomas  William. 
^^odie,  Thomas  Gregor. 
^^ce,  John  Mitchell. 

S^e,  Ernest  A.  Wallis. 

^^irrard,  Sidney  Gerald. 

^^way,  Charles. 

Carbutt,  Sir  Edward  H. 

Cardew,  Major  Philip. 
Chattaway,  Frederick  Paniel. 


I 


xi 


Harcaurt,  Levesoti  Francis  Vernon. 
Harmer,  Frederic  WiUiam. 
HieiTi,  William  Philip. 
Hills,  Major  Edmund  Herbert, 
Hopkins,  Frederick  Gowland. 
Hopkiiison,  Eklw^ird. 
Jukes-Browne,  Alfred  John. 
Knott,  Cargill  Gikton. 
Lees,  Charlea  H. 

Letts,  Professor  EdmurKt  Albert. 
Lewis,  Sir  William  Thoma«. 
Mac  Arthur,  John  Stewart. 
Maclean,  Magnus. 
MacMunn,  Charles  Alexander. 
Major,  Charles  L  Forsyth. 
Mallock,  Henry  Reginald  Arnulph* 
Mance,  Sir  Henry  C. 
Marsh,  James  Ernest. 
Maason,  Professor  Orme, 
Matthey,  Edward. 
Maunder,  Edward  Walter, 


Plimmer,  Henry  Q, 
Prain,  Major  David, 
Ridley,  Henry  Nicholas, 
Rose,  Thomas  Kirke. 
Ru^ell,  James  Samuel  Risien, 
Rutherford,  Professor  Ernest 
jSampsoft^  Professor  Ralph  Alien. 
Selater,  AAllliain  Liitley. 
Searle,  George  C  F. 
Sharpe,  R.  Bowdlcr. 
Shipley,  Arthur  Everett. 
Sidgreavos,  Rev.  Walter. 
Smith,  Professor  Grafton  EUiol. 
Smith,  James  Lorrain. 
Stead,  John  Edward. 
Btrahan,  Aubrey, 
Swinburnej  James. 
S  win  ton,  Alan  Archilwdd  CampbelL 
Symington,  Professor  Johnson, 
Tarletoi^  Profe-ssor  Francis   Alex* 
auder. 


vu 


rv.  "On  the  Laws  governing  Electric  Discharges  in  Oases  at  Low 
Pressures."  By  W.  R  Carr.  Communicated  by  Professor 
J.  J.  Thomson,  F.RS. 

V.  "The  Differential  Invariants  of  a  Surface,  and  their  Geometric 
Significance."    By  Professor  A.  R.  Forsyth,  F.R.S. 


March  12,  1903. 


3ir    WILLIAM  HUGGINS,  K.C.B.,   O.M.,  President,  followed  by 
Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

A.  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  papers  were  read : — 

I-  "  On  the  Histology  of  Uredo  dispersa,  Erikss.,  and  the  *  Myco- 
plasm '  Hypothesis."    By  Professor  Marshall  Ward,  F.R.S. 

II.  "The  Statolith-theory  of  Geotropism."    By  F.  Darwin,  F.RS. 

1^^-  "A  Study  of  a  Unicellular  Green  Alga,  occurring  in  Polluted 
Water,  with  especial  reference  to  its  Nitrogenous  Meta- 
bolism." By  Miss  H.  Chick.  Communicated  by  Professor 
R.  BOYCE,  F.RS. 

^-  "  A  Comparative  Study  of  the  Grey  and  White  Matter  of  the 
Motor-cell  Groups  and  of  the  Spinal  Accessory  Nerve  in  the 
Spinal  Cord  of  the  Porpoise  {Phoccena  communisy*  By  Dr.  D. 
Hepburn  and  Dr.  D.  Waterston.  Communicated  by  Sir 
WiLLDLM  Turner,  F.R.S. 

^'  "  The  (Efftrous  Cycle  and  the  Formation  of  the  Corpus  Luteura 
in  the  Sheep."  By  F.  H.  A.  Marshall.  Communicated  by 
Professor  J.  C.  Ewart,  F.R.S. 

^-  "On  the  Culture  of  the  Nitroso-bacterium."  By  H.  S.  Fremlin. 
Communicated  by  Sir  Michael  Foster,  Sec.  R.S. 

'^l  "  Upon  the  Immunising  Effects  of  the  Intracellular  Contents  of 
the  Typhoid  Bacillus  as  obtained  by  the  Disintegration  of 
the  Organism  at  the  Temperature  of  Liquid  Air."  By  Dr. 
A.  Macfadyen.  Communicated  by  Lord  Lister,  O.M., 
F.RS. 


Tiii 


March  19,  1903. 
Sir  \nLLIAM  HUGGINS,  K.aB,,  0,M.,  President,  in  the  Chair, 

A  Liet  of  the  Presents  was  laid  on  the  uMe,  and  thanks  ordered  for 
them. 

The  folio\^niig  ptipera  were  read  : — 

L  '*  On  the  Formation  of  Barrier  Keefs  and  of  the  Different  Types 
of  Atolls/'     By  Professor  Alex.  AoAsst2f  For,  Mem,  R,S, 

IL  '*  On  Central  American  Earthquakes,  particularly  the  Earthquake 
of  1838/*    By  Admiral  Sir  John  Dalrympli:  Hav,  F.R,S, 

IIL  **The   Emanations  of  Kadiuni,"      By  Sir  WiLUAM   CroOKES^ 
F.RS. 


IX 

VL  "On  the  Dependence  of  the  Refractive  Index  of  Gases  on 
Temperature."  By  G.  W.  Walker.  Communicated  by 
Professor  J.  J.  Thomson,  F.R.S. 

Vn.  "Solar  Prominence  and  Spot  Circulation,  1872—1901."  By 
Sir  Norman  Lockyer,  F.R.S.,  and  Dr.  W.  J.  S.  Lockyer. 

yill.  "On  the  Evolution  of  the  Proboscidea."  By  Dr.  C.  W. 
Andrews.  Communicated  by  Professor  K  Ray  Lanksster, 
F.RS. 

IX.  "  On  the  Cytology  of  Apogamy  and  Apospory. — I.  Preliminary 
Note  on  Apogamy."  By  Professor  J.  Bestland  Farmer, 
F.R.S.,  J.  G.  S.  Moore,  and  Miss  L.  Digby. 


The  Society   adjourned  over    the    Easter 
April  30. 


Recess    to    Thursday, 


II.  "  On  the  Physiological  Action  of  the  Poison  of  the  Hydrophidft;. 
By  Dr.  Leonard  Rogers.      Communicated   by   Major  A. 
ALCXX3K,  F.R.S. 

IIL  "  Preliminary  Note  on  the  Discovery  of  a  Pigmy  Elephant  in  the 
Pleistocene  of  Cyprus."  By  Miss  D.  M.  A,  Bate.  Com- 
municated by  Dr.  Henry  Woodward,  F.RS. 

lY  "  Experiments  in  Hybridisation,  with  Special  Reference  to  the 
Effect  of  Conditions  on  Dominance."  By  L.  Doncaster,  B.  A. 
Communicated  by  Dr.  S.  F.  Harmer,  F  R.S. 


m 


April  30,  190:^. 
pir  WILLIAM  HUGGINS,  KCB.,  03L,  President,  in  the  Chair. 

Lkt  of  the  Presents  receiver!  was  lair!  on  the  table,  and  thanks 
lered  for  thcra. 

tie  Croon ian   Lecture  r   **  The  Cosmical   Fimction   of    the  Green 
t/*  WA8  delivered  hy  Professor  TiMlRTAZEFF,  of  the  University  of 
scow. 


The  following  paper  was  reaii:— 

I"  Preliminary  Note  on  the  Use  t>f  Chloroform  in  the  Preparation  of 
Vaccine."  By  Ai.an  B.  Green,  M.A.^  MJX  Communicatetl  by 
W.  H.  Power.  C.K,  F.R.S. 


XI 


May  14,  1903. 

Professor  CAREY  FOSTER,  Vice-President,  in  the  Chair. 

A  list  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  papers  were  read  : — 

I.  "  On  the  Discovery  of  a  Species  of  Trypanosoma  in  the  Cerebro- 
spinal Fluid  of  Cases  of  Sleeping  Sickness."  By  Dr.  Aldo 
Castellan  [.  Communicated  by  the  Malaria  Committee  of 
the  Royal  Society. 

II.  "  The  Combination  of  Hydrogen  and  Chlorine  under  the  Influence 
of  Light."  By  P.  V.  Bevan.  Communicated  by  Professor 
J.  J.  Thomson,  F.R.S. 

III.  "  On  the  Photo-Electric  Discharge  from  Metallic  Surfaces    in 

Different  Gases."    By  Dr.  W.  Mansergu  Varlev.     Com- 
municated by  Professor  J.  J.  Thomson,  F.R.S. 

IV.  "  The   Elasmometer,  a    New  Interferential  Form  of  Elasticity 

Apparatus."    By  A.  E.  Tutton,  F.R.S. 

V.  "  Meteorological  Observations  by  the  Use  of  Kites  off  thfj  West 
Coast  of  Scotland,  1902."  By  W.  N.  Shaw,  F.R.S.,  and 
W.  H.  Dines,  F.R.  Met.  Soc. 

VI.  "  On  the  Radiation  of  Helium  and  Mercury  in  a  Magnetic  Field." 
By  Professor  Andrew  Gray,  F.R.S.,  and  Dr.  W.  Stewaki  , 
with  R.  A.  HousTOUN  and  I).  B.  McQuistan. 

VII.  *' A  New  Class  of  Organo-Tin  Compounds  containing  Halogens." 
By  Professor  W.  J.  Pope,  F.R.S.,  and  S.  J.  Peachev. 

VIII.  "  The  Xanthophyll  Group  of  Yellow  Coloiu-ing  Matters."     B\- 
C.  A.  ScHUNCK.     Communicated  by  H.  T.  Brown,  F.R.S. 


Xll 


J/iry  28, 1903. 
Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  was  laid  on  the  table,  and  thanks  ordered  for 
them. 


The  following  Papers  were  read  : — 

1.  "  On  the  Bending  of  Waves  round  a  Spherical  Obstacle."     By 
Lord  Rayleigh,  O.M.,  F.R.S. 

IL  "  Sur  la  Diffraction  des  Ondes  Electriques,  k  propos  d'un  Article 
de  M.  Macdonald.'*  By  Professor  H.  PoiNCARfi,  For.  Mem. 
R.S. 

III.  "  On  the  Theory  of  Refraction  in  Gases."  By  G.  W.  Walker, 
M.A.    Communicated  by  Professor  J.  J.  Thomson,  F.R.S. 

lY.  "  An  Analysis  of  the  Results  from  the  Kew  Magnetographs  on 
Quiet  Days  during  the  Eleven  Years  1890  to  1900,  with  a 
Discussion  of  certain  Phenomena  in  the  Absolute  Observa- 
tions."   By  Dr.  C.  Chree,  F.R.S. 

V.  "  On  a  Remarkable  Effect  produced  by  the  Momentary  Relief  of 
Great  Pressure."    By  J.  Y.  Buchanan,  F.R.S. 

VI.  '*  Evolution  of  the  Colour-pattern  and  Orthogenetic  Variation 
in  certain  Mexican  Species  of  Lizards  with  Adaptation  to 
their  Surroiuidings."    By  Dr.  H.  Gadow,  F.R.S. 

VII.  "Researches  on  Tetanus — Preliminary  Communication."  By 
Professor  Hans  Meyer  and  Dr.  F.  Ransom.  Communicated 
by  Professor  E.  H.  Starling,  F.R.S. 

VIII.  "  The  Hydrolysis  of  Fats  in  vitro  by  Means  of  Steapsin."  By 
Dr.  J.  Lewkowitscii  and  Dr.  J.  J.  R.  Macleod.  Com- 
municated by  Prpfessor  E.  Divers,  F.R.S. 

IX.  '*  On  the  Optical  Activity  of  the  Nucleic  Acid  of  the  Thymus 
Gland."  By  Professor  A.  Gamgee,  F.R.S.,  and  Dr.  W, 
JONSS. 


xm 

X.  "Note  on  the  Effect  of  Extreme  Cold  on  the  Emanations  of 
Radium."  By  Sir  W.  Crookes,  F.E.S.,  and  Professor 
J.  Dewar,  F.R.S. 

XT  "  On  the  Adaptation  of  the  Pancreas  to  Different  Food-stuffs — 
Preliminary  Communication."  By  F.  A.  Bainbrtdoe,  M.B. 
Commum'catcd  l)y  Professor  Starlintj,  F.R.S. 

The  Society  adjourned  over  the  A^Tiitsuntide  Recess  to  Thursday, 
June  11. 


June  11,  190:?. 

iVnnual  Meeting  for  the  Election  of  Fellows. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

The  Statutes  relating  to  the  Election  of  Fellows  having  been  read, 
Major  MacMahon  and  Dr.  A.  D.  Waller  were,  with  the  consent  of  the 
Society,  nominated  Scrutators,  to  assist  the  Secretaries  in  the  examina- 
tion of  the  balloting  lists. 


XIV 

The  following  Papers  were  read : — 

I.  "  The  Bending  of  Electric  Waves  round  a  Conducting  Obstacle  : 
Amended  Result."    By  H.  M.  Macdonald,  F.R.5. 

II.  "  On  the  Propagation  of  Tremors  over  the  Surface  of  an  Elastic 
Solid."    By  Professor  H.  Lamb,  F.R.S. 

III.  "The  Difiiision  of    Salts   in   Aqueous   Solutions."    By  J.  C. 

Graham.  Communicated  by  Professor  W.  E.  Ayrton,  F.R.S. 

IV.  "  On  the  Structure  of  Gold  Leaf,  and  the  Absorption  Spectrum 

of  Gold."    By  Professor  J.  W.  Mallet,  F.R.S. 

V.  "On  Reptilian  Remains  from  the  Trias  of  Elgin."    By  G.  A. 

BOULENGER,  F.R.S. 

VI.  "  A  Method  for  the  Investigation  of  Fossils  by  Serial  Sections." 
By  Professor  W.  J.  Sollas,  F.R.S. 

TIL  "  An  Account  of  the  Devonian  Fish,  FcUceospondylus  Gunni, 
Traquair."  By  Professor  W.  J.  SoLLAS,  F.R.S.,  and  Miss 
I.  B.  J.  Soli. AS. 

'•^III.  "  The  Measurements  of  Tissue  Fluid  in  Man.  Preliminary  Note." 
By  Dr.  G.  Oliver  Communicated  by  Sir  Lauder 
Brunton,  F.R.S. 

IX.  "  Observations  on  the  Physiology  of  the  Cerebral  Cortex  of  the 
Anthropoid  Apes."  By  Dr.  A.  S.  F,  Grunbaum  and  Pro- 
fessor C.  S.  Sherrington,  F.R.S. 


Jvnc  18,  1903. 
Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

Dr.  William  Maddock  Bayliss,  Professor  Thomas  William  Bridge, 
X)r.  Sydney  Monckton  Copeman,  Mr.  Horace  Darwin,  Mr.  William 
I^hilip  Hiern,  Mr.  Henry  R.  A.  Mallock,  Mr.  Arthur  George  Perkin, 
Mr.  John  Edward  Stead,  and  Mr.  Aubrey  Strahan  were  admitted  into 
the  Society. 


XV 

A  List  of  the  Preaents  roceivecl  wa^  \nU\  on  the  table,  and  thanks 
dcrcd  for  them. 

Tho  following  Papers  were  road  : — 

L  "  Surface  Flow  in  Crystal Ime  Solids  under  Mechanical  Disr 
turbance."     By  G.  T.  BrilbV.     Communicated  by  F.  H. 

IL  "  The  Effects  of  Heat  and  of  Solvents  on  Thin  Films  of 
MotaL"  By  G,  T.  Bku.HY.  ComuiunicMed  by  F.  H. 
Nevih.e,  F.RS. 

in.  "The  Forces  iietiaif^  on  a  Charged  Electric  Con^lenser 
moving  through  Spjice.'^  By  Professor  TEDtrroN*,  F.R.S., 
and  H.  R.  Nohlk. 

IV*  "  On  the  Discharge  of  Electricity  from  Hot  Platinum,"  ^y 
Dr.  H.  A.  WTfiAON.  Communiaited  by  C.  T.  R.  Wii-SON, 
F.R.S. 

V.  **  The  Bionomics  of  (Jmimhifn  Roscoffimsk^  with  Special  Refer- 
ence to  its  Green  Cells."  By  Dr.  F,  W.  (t amble  and 
F,  W.  Ki^EBLE,  Communicated  by  Professor  S.  J 
HiCKSON,  FJtS. 


XVI 

Xn.  "  The  Phenomena  of  Luminosity  and  their  Possible  Correla- 
tion with  Eadio-Activity."  By  Professor  H.  E.  Arm- 
strong, F.R.S.,  and  Dr.  T.  Martin  Lowry. 

XIII.  '' Cyanogonesis  in  Plants.    Part  III. — On  Phaseolunatin,  the 

Cyanogenetic  Glucoside  of  Phaseolunatus,"  By  Pro- 
fessor W.  K  Di^NSTAN,  F.R.S.,  and  Dr.  T.  A.  Henry. 

XIV.  *'  The  Magnetic  Expansion  of  some  of  the  Less  Magnetic- 

Metals."  By  Dr.  P.  E.  Shaw.  (With  an  Appendix  by 
G.  A.  SCHOTT.)  Communicate  by  Professor  PoYNTiNG, 
F.RS. 

XV.  "  A  Study  of  the  Literaction  of  Mercury  and  Nitric  Acid." 
By  Professor  Chandra  RAy.  Communicated  l\v  Sir 
Henry  Roscx)e,  F.R.S. 

XVL  "  Separation  of  Solids  in  the  Surface-layers  of  Solutions  and 
Suspensions."  By  Dr.  W.  Ramsden.  Communicated 
by  Professor  F.  Gotch,  F.R.S. 

XVH.  "  Some  Preliminary  Observations  on  the  Assimilation  of 
Carbon  Monoxide  by  Green  Plants."  By  Professor  W. 
B.  BoTTOMLEY  and  Professor  Herbert  Jackson.  Com- 
municated by  Professor  Reynolds  Green,  F.R.S. 

XVIII.  '*  On  the  Oocyte  of  Tomopteris."  By  W.  Wallace.  Com- 
municated by  Professor  McIntosh,  F.R.S. 

XIX.  "  Upon  the  Bactericidal  Action  of  some  Ultra-violet  li^idia- 
tions  as  produced  by  the  Continuous  Current  Arc."  By 
J.  E.  Barnard  and  H.  de  R.  Morgan.  Communicated 
by  Sir  Henry  Roscoe,  F.R.S. 

XX.  "The  Longitudinal  Stability  of  Aerial  Gliders."  By  Pro- 
fessor G.  H.  Bryan,  F.R.S.,  and  W.  E.  Wiijjams. 

XXI.  "  On  the  Synthesis  of  Fats  accompanying  Absorption  from 
the  Intestine."  By  Professor  B.  Moore.  Communicated 
by  Professor  Sherrington,  F.R.S. 

XXn.  "  Radiation  in  the  Solar  System. — Its  Eftect  on  Temperature 
and  its  Pressure  on  Small  Bodies."  By  Professor  J.  H. 
POYNTTNd,  F.R.S. 

XXIII.  "The  Properties  of  Aluminium-Tin  Alloys."  P»y  Dr.  \V. 
Carrick  Anderson  and  G.  Lean.  Communicated  by 
Professor  Miers,  F.RS. 


XTll 

XXIV.  "The  ^Himting'  of  Altertiating-Current  Machinea/*  By 
Bertram  Hopkinson.  Communicated  by  Professor 
EwiXG,  F.RS. 

XXV.  ^<  The  Theory  of  Symmetrical  Optical  Objectives/'    By  S.  R 
Chalmers.     Commimicated  hy  Profespor  L ARMOR,  Sec. 

XX VK  **Thc  Diftcicijtkl  Itivanaiiti  of  Space,"  By  Profe^or  A.  R, 
Forsyth,  F.RS. 

The   Society  adjourned    over*    the    Long  Vac^^tion    U>    Thuj*sdjiy, 
ovember  1?. 


PROCEEDINGS 


OF 


THE    ROYAL    SOCIETY. 


"Magnetic  Observations  in  Egypt,  1893—1901."  By  Captain 
H.  G.  Lyons,  E.E.  Communicated  by  Professor  EtJcKER, 
Sec.  E.S.     Eeceived  June  6,— Eead  June  20,  1901. 

The  following  Magnetic  Observations  have  been  made  at  various 
times  during  the  years  1893  to  1899,  at  first  with  a  Declinatorium, 
made  by  Bamberg,  of  Berlin,  the  property  of  the  Egyptian  Govern- 
ment, and  later  with  a  Kew  Magnetometer,  No.  73,  and  Dover's  Dip 
Circle,  No.  99,  both  kindly  lent  by  the  Council  of  the  Eoyal  Society 
on  the  recommendation  of  Professor  A.  W,  Eiicker,  F.RS.  These 
observations  are  most  conveniently  divided  into  five  groups,  each  of 
which  includes  observations  made  during  a  single  period  and  with  a 
single  instrument — 

I.  Observations  made  with  a  Declinatorium  by  Bamberg,  of  Berlin  : 

(a.)  In  the  neighbourhood  of  Cairo,  1893— 1894. 

(b.)  In  the  Lybian  Desert,  near  the  Kharga  and  Dakhla  Oases,  in 

December,  1893,  and  January,  1894. 
(c.)  In  the  Lybian  Desert  from  the  Wadi  Natrun  to  the  Baharia 

Oasis,  April,  1894. 

II.  Observations  taken  with  Kew  Magnetometer,  No.  73,  and 
Dover's  Dip  Circle,  No. .  99,  in  the  Nile  Valley  from  Cairo  to  the  2nd 
Cataract,  November,  1894,  to  June,  1896. 

(tf.)  Declination.     (6.)  Dip  and  Horizontal  Force. 

III.  Observations  taken  to  determine  the  Diurnal  Variation  of  the 
Declination. 

IV.  Observations  taken  at  Helwan,  near  Cairo,  in  November  and 
December,  1898. 

V.  Determination  of  the  Annual  Variation  from  the  above  observa- 
tions and  those  of  various  observers  in  previous  years. 

VOL.  LXXI.  B 


Capt.  H.  G.  Lyons. 


[June  6, 


The  declinator]  urn  used  at  6 rat  consisted  of  a  homonta!  circle 
furnished  with  two  vorniei-s  reading  to  30",  while  the  magnet  M^as 
balanced  on  a  vertical  steel  pivot,  in  a  Ijox  which  occupied  the  centre 
of  the  horizontal  circle.  Attached  to  the  magnet  was  a  mirror^  in 
w4iicli  the  rejected  image  of  the  cross  wire^  was  observed  with  a  small 
telescope  placed  excentncally.  The  same  telescope  also  served  to 
observe  the  sun  or  a  meridian  mark  for  determining  the  geographical 
meridian. 

The  geographical  positions  were  taken  from  ^faps  Nos*  740,  662, 
published  by  the  Intelligence  Division,  War  Office,  or  from  astro- 
nomical ol*servaiions  taken  on  the  spot ;  the  former  are  indicated  by  * 
and  the  latter  by  +. 

In  each  case  the  time  of  the  observation  is  given  ixs  Cairo  mean 
time,  t>.,  2''  5'"  S^'d  fast  of  Greenwich^  since  all  the  ol>servations  were 
niarlo  before  the  time  of  the  30'  meridian  £.  of  Greenwich  w^as  adopted 
as  civil  time  for  Egypt* 

D'Abbadie's  station,  Ijeside  the  Great  Pyramid  at  Giza,  waa  occu- 
pied on  May  10,  1901,  to  obtain  improved  values  of  the  secular 
variation.  The  observations  wore  made  between  1  r.M.  and  i  RM, 
w  hen  the  electric  tramway  was  not  working. 

Since  there  are,  as  yet,  no  self -registering  magnetic  instruments  in 
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The  times  given  are  those  of  the  middle  of  the  observation,  %,€.,  for 
Girga — 

Mean. 

Declination  observation  8.58 — 9.11  9.5 

First  vibration 9.14—9.27  9.20 

Second  vibration 9.34—9.47  9.40 

Deflection 10.35—11.0 

The  time  of  the  horizontal  force  value  is  given  as  the  middle  of  the 
time  of  the  vibration  observation. 

Where  one  value  is  given  for  the  dip  one  needle  was  used ;  whore 
two  values,  the  value  obtained  from  each  is  given. 

Deflection  observations  as  well  as  the  vibration  observation  were 
^e  on  each  occasion  for  the  observations  given  in  Table  ll{b) ;  in 
ilie  observations  given  on  page  22  it  is  mentioned  when  it  was  not 
possible  to  take  them. 
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Capt  H.  Or.  Lyons. 


[June  6, 
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Description  of  Stationi  observed  at  with  DeclinAtorium. 


Place. 


Matatia 
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Hoqattiiin  -Port . 


Description^ 


On  ruiQi  of  Tarneuo*  wall  of  Templa  of  Heliopoli*  | 

B.  of  obeliik, 
N*  end  of  Polygion,  E.  of  Suer  rood,  E»  end  of  row  of 
tree*  behind  butt^rj. 
Ghejira,  ***.*.*....  '  100  metpcB  north  of  GroMo.  ^.W^  of  Qeeirft. 
Ten  Its   3t4ttion,  ;  Obflervation  point  of  Traoflit  of  Vouiia  Expedition,  1874« 

Jebel  MoqattaxQ. 

200  melrett  south  of  old  fort  on  spur  Above  Citadel*  n&i 
thfi  earthwork  on  tb©  top  of  the  hill  by  th*  Cbokm 


1901.]         Magmtic  Observations  in  Egypt,  1893—1901. 
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Curves  of  Diiirnal  Viiriation  of  Declination. 
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pattern  magnetometer. 
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Capt.  H,  G,  Lyons, 


[June  6, 


Description  of  Stations  observed  at  with  MAgTietometer  and  Dip 

Circle, 


Defcription. 


Abbitaaia , 
GirgB  , .  , 


Dendera  ■ 


t 


Mualla 

EfitlA  .  .  ,  *  ^  .  .  i 

Edfu 

Asisitau.*  ,. . . , 
Elepliftntine*  . 
Ifst  Cattiiaot* . 
Philu:* 


Dttbocl . , , . , 

Tufa* 

Kal&bsba*  . 


AbnlTor*  .., 
Gerf  Hussein 
Dakka 


The  ffame  as  for  Deelinatorium* 

S.W.  of  haU,  wbtcli  Are  150  tnotrca  wett  of  canal  he&d  on 

N»  (side  yf  ftteamt*r  Imidiof  burge, 
100  TDDtrofl  E.  of  point  where  steamers  it4>p. 
On  river  bunk,  50  metre*  nortb  of  hoiue  {^mted  red  and 

whitc^  op  bank  aouih  of  Luxor^ 
2  kilom^.  S.  of  irfij^atLOQ  resthguee, 
100  iT)etrei  uonJi  of  Lanciiug  barge,  tmd  on  river  buck, 
40  metres  from  bank,  aod  120  metres  3.  of  landing  b&rge, 
R*st  caotpt  S-  jside  of  2ad  hut  from  N.W_  corner. 
£5  metres  Q.E.  from  gutevraj  of  ancient  temple. 
South  skle  of  the  Bab  el  Gad  id. 
Till  29  Nov.  K.  side  of  kiosks  on  qu&jt  aftsir  tben  on  tooi 

of  Temple  of  I  si  a,  N,  end* 
200  metres  N.  of  ancient  masonry  quay. 
100  metres  from  S.E.  conier  of  yillflge,  on  nter  bank. 
30  metres  from  rirer  bank,  and  70  metres  north  of 

temple. 
On  rirer  bank^  100  metres  S.  of  steamers^  stoppmf;  pki^e^— 
At  entrance  to  lemple. 
S.E*  nuijle  of  temple* 
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Curves  of  Diiirnal  Viiriation  of  Declination. 
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Scale  of  twenty-five  minutes  of  arc. 
^bUwia,  Eliorga,  and  Bcris  observed  with  Dcclinatorium,  tlie  rest  with  Kew 
pattern  magnetometer. 
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Dwmal  Variation  of  Declination  at  Fhilce,  Assuan, 

.  2r  1'  10" ;  Long.  E.  32"  51'  50",  from  December,  1895,  to 
April,  1896. 

employed  on  Philae  Island  examining  and  restoring  the* 
>iiildmg8  on  the  islancji,  magnetic  observations  in  the  neigh- 
conntry  could  not  be  undertaken  for  want  of  time.  A 
neter  was  set  up,  therefore,  in  a  small,  empty  chamber  on  the 
the  Great  Isis  Temple,  and  the  declination  observed  hourly 
.M.  to  5  P.M.,  except  when  the  work  on  the  excavations  pre- 

The  results  are  given  in  the  following  tables  (see  also  p.  12) : — 


December,  1895. 


50. 

21.       22.       23.       24.       25. 

26. 

27. 

28. 

1 

,    29. 

30. 

31. 

- 

1        ! 

26-9;260'26-4:26-4|25-7 

— 

2G-0 

25-5 

26-8 

26-2 

k-6 

1    

—    ,25-9, 25-5;    — 

24-4 

24-4 

24  8     — 

kl 

25  1    25  -3 

1 

25  -9   25  -9  ;  2G  '8 

24-8 

23-7 

24 -8 

27-8   25  0 

16 

24  '8   24  -6 

27-6     —       — 

27-1 

25  0 

26-6 

1 

►  •1 

25  0'    —    ,29-6   28  0   29  3 

27-8 

25-2 

i 

o 

"5 

27-7 

27-8   28-4 

1 

rl 

—     26 -0  "  29 -4,  28 -21  28 -8   27  0 

24  1 

127-5  1    —     28-0 
1             ; 

- 

24-6 

1 

— 

23-7 

I             ! 

.'6 

25-1 

24-8127 -7    260i26-4   2G-2 

j                      1           I 

— 
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!26-2 

1 

— 

27  7   . 
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—     25-8   24  -2  ;  26  0  1  25  7 

23-7 

126-6 

27-7 

28  1    " 

1-9 

24-6 

—     25-5      — 

—    '25-7 

24  0 

26  8     —    '28-1 

17 

25-8    24-6   26-2    24  4 
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1 
1 

126-9   26-8   27-9 

i           1           1 

Iding  tables  for  months  of  January,  February  and  March.) 
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IV.  lihjgneik  Ob^ertinimvi  at  lit  I  wan  ^  near  Cairo^ 
(See  table  on  opposite  page.) 

V,  SfaUar  Fariaimi. 
i  many  early  oltson^ationg  as  it  haa  heen  possible  to  find  in  various 
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Capt.  H.  G.  Lyons. 
V.  Secular  Variation  of  Declination. 
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Magnetic  Obaermtians  in  Egi^t,  1893 — 1901. 
V.  Secular  Variation  of  Declination — continued. 
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The  magnetic  bearing  of  the  walls  or  axes  of  certain  temples  is 
gi v-cn  in  the  "  Descriptioa  de  TEgypte,"  and  from  these  an  approximate 
Value  for  the  secular  change  in  the  declination  may  be  deduced. 
On  Philse— 

Magnetic 

bearing,  True  Declination, 

1799.  bearing.  1799. 

Great  Isis  Temple 44°  E.  of  N.  3^  6'  E.  of  N.         1 1"  55' 

Nectanebo*s  Temple. .. .      25**      „  13°  28'     „  11^32' 

The  Kiosk  (or  Pharaoh's 

Bed) 104°30'„  93*25'    „  11*5' 

Mean 11°  31' 

^iTie  Declination  in  1896  was  4"*  23'  VV.,  which  gives  an  average 
^^Xual  decrease  of  4'-4. 
-t<om  Ombo  Temple — 

MajGnietic  bearing  of  axis,  1799 55°  E.  of  X. 

„  1892 43°  55' 

Change  in  93  years 11°  5' 

,,      per  annum 7''2 

^dfu  Temple— 

ilagnetic  bearing  of  axis,  1799 15°  E.  of  N. 

1892 3°  10'         „ 

Change  in  93  jenrs 11°  50' 

i  „       ]erann.:m 7''7 
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Secular  Variation  of  Dip, 
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BmU. 
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Alexandria 
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47  30 

r 
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d^Abbodie. 
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Qreat  Prramiii. , . . 

d'Abbudic. 

1S29 

41  41  -8 
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1885 
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Secular  Variation  of  Horizontal  Force. 
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■ 

1901.]        Magnetic  Observations  in  Egypt,  1893 — 1901. 
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Captv  H.  Gr.  Lyons. 


[Jtiiie  6, 


These  appear  to  show  abnotmally  high  values  at  Qena  where  the 
I  faulting  o!  the  Nile  Valley  ia  highly  developed,  aiid  rdso  at  Esna  and 
I  at  Akshi  {Serra)  between  Abu  Simbcl  and  Wadi  Haifa,  At  this  pLice, 
I  too  J  the  horizontal  force  has  a  high  value. 


Appendix, 

Ohmnmtioiis  an  ike  Upper  Nile, 

The  following  observations  were  taken  in  Maix^h  and  April  of  the 
[present  year  {1901}  while  accompanying  Sir  W.  E.  Garatin,  K.C,M,G,, 
I  Under-Secretary  of  State  for  Public  \VorkB,  from  Khartum  through 
the  region  of  the  "  Sadd  "  to  Gondokoro  and  back,  and  are  added 
here  with  his  permission.  As  this  journey  was  specially  undertaken  to 
I  sea  the  upper  reaches  of  the  Bahr  el  Jebel,  and  to  measure  the 
I  discharge  of  the  WTiite  Nile  and  its  various  tributaries  in  this  district, 
I  magnetic  observations  had  to  be  taken  whenever  opportunities 
I  occurred.  It  has  consequently  happened  that  the  stations  occupied 
I  cannot  be  described  with  aufflcient  accuracy  for  them  to  be  re-occupied 
I  at  a  future  date,  since  most  of  them  were  wooding-stadons  with  no 
I  permanent  l>uilding  or  other  marks  in  the  neighbourhood. 


1901.]         Magnetic  Ohs^rvations  in  Egypt,  1893—1901. 
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Plftce. 


J.Abel 

J.  Qerebin I 

Wariut  (foutheni  part) | 

Boro   

Gale 


Lat.  N. 

Long.  £. 

Declination. 
1863-64. 

12^  42' 
12      8 
12      8 
11     54 
11    43 

34^^  26' 
84     15 
84    10 
84      3 
33     57 

»°10' 
20    01 

6  80 
12    05 

8    40 

Also  Captain  A.  W.  Peel  gives  the  West  Declination  at  Khartum, 
aa  8'  SC  in  October,  1851,  and  Lieut.  Watson,  R.E.,  gives  7"  30'  West, 
for  that  of  Rejaf  (lat.  4'  40'  ± ),  on  15th  Deceml)er,  1874. 

The  only  other  observation  it  has  been  possible  to  find  in  the  books 
of  travel,  &c.,  available  in  Cairo,  is  a  value  of  7°  30'  W.  for  the  decli- 
nation at  Gondokoro  on  March  20,  1861,*  which  with  6°  20'  for  the 
present  values  gives  -  2'  per  annum. 

Unfortunately  the  first  rains  were  already  threatening  at  Lado  and 
Gondokoro,  and  the  sky  was  usually  too  cloudy  to  admit  of  satis- 
factory observations  for  azimuth,  Hellet  el  Nuer  and  El  Kenisa  were 
therefore  the  only  two  places  where  the  declination  could  be  deter- 
mined on  the  Bahr  el  Jebel.  Russegger  also  gives  for  El  Obeid 
declination  8'  30'  west  and  dip  18''  for  April,  1837,  but  neither  of 
these  can  be  utilised,  being  too  far  from  the  Nile. 

The  instruments  used  were  Kew-pattern  Magnetometer,  No.  87,  by 
Elliott,  jind  a  Dip  Circle,  No.  131,  by  Dover. 

•  Peney,  *  Bull.  Soc.  Gw)g.  Paris/  1863. 
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1901.]        Magnetic  Observations  in  Egypt,  1893—1901. 
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1901.]     Effect  ofMe^'cury  Vapour  mi  the  Spectrum  of  Helium. 
Description  of  Stations. 
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Place. 

Omdurman,   200   metres  south   of 

steamer  workshops 
K^Awa  (Ifrt.  13**  55') 

Bank 

of 
riyer. 

Obserrations  made. 

Left 

Right 
» 
» 

Left 
Right 

»» 

Left 
»t 

Right 
»» 

Declination.  Dip.  Horizontal  force. 

Horizontal  force. 

Dip. 

Declination. 

Declination.  Dip.  Hurieontal  force. 

»»              II                  i> 
II              II                  » 

9t                          II                                  l> 

Declination.    Horizontal  force. 
Dip.    Horizontal  force. 

Dip. 

Declioation.     Horizontal  force. 

Declination.  Dip.  Horizontal  force. 
Dip.     Horizontal  force. 

II                    II 

aox  Abu  Goma  (lat.  13°  23') 

Renk 

6    kilometres    up  stream  of   Jebel 
Ahmed  Agha 

^^        >»            it            »»            »» 
Near  Kaka  (lat.  10°  30') 

48    kilometres     down    stream    of 

Fashoda  (kt.  W  20') 
8  kilometres  up  stream  of  mouth  of 

Kiver  Sobat,  on  Bahr  el  Abyad 
Wood  station   on   Bahr  el  Abyad, 

east  of  mouth  of  Bahr  el  Zaraf 

12  kilometres 
Bahr  el  Zar»f,  20  kUometres  from 

mouth 

Bahr  el  Jebel,  10  kilometres 

South  of  HeUet  Nuer  (hit.  8°  9'  30") 

Kenisa  (lat.  6' 46' 0") 

Wood  station,  south  of  Bor  on  Bahr 

el  Jebel  (lat.  6"*  5') 
Wood  station,  south  of  Kiro  on  Bahr 

el  Jebel  (lat.  5°  13') 

"Note  on  the  Effect  of  Mercury  Vapour  on  the  Spectrum  of 
Helium."  By  Professor  J.  Norman  Collie,  F.R.S.  Eeceived 
June  3,— Eead  June  19,  1902. 

Some  years  ago  the  author,  in  conjunction  with  Professor  Eamsay, 
puhlished  the  results  of  some  experiments  relating  to  the  visibiUty  of  the 
spectrum  of  one  gas  in  presence  of  another.* 

Since  then  some  experiments  have  been  made  on  the  effect  of 
mercury  vapour  (when  present  in  considerable  quantity)  on  the 
spectrum  of  helium  in  an  ordinary  Pliicker's  tube,  under  the  influence 
of  the  electric  discharge  from  an  induction  coil.  When  the  spectrum 
of  helium  is  examined  in  an  ordinary  Pliicker's  tube,  it  appears  to  be 
a  simple  one  consisting  of  only  eight  lines — two  red,  one  yellow,  three 
green,  one  blue,  and  one  violet. 

The  spectrum,  however,  of  the  negative  glow  is  much  more  com- 

•  *  Kdv.  Soc.  Proc./  vol,  69,  p.  202. 


26    £ft'xt  of  Mevcm't/  Vapour  mi  the  ^ectnim  of  Melium,  [June  3, 

plicated,  a  large  mimlKsr  of  other  and  fainter  linefl  appearing  a&  well. 
If  mercury  vapour  be  introduced  into  such  a  tube  filled  with  helium  at 
from  2 — 5  mm,  pressure,  the  first  change  notice<l  is  the  simplification 
of  the  spectrum  of  this  negative  glow ;  and  at  the  same  time  three  of 
the  helium  linea  disappear  from  the  spectrum  of  the  negative  glow, 
the  red  7065,  the  blue  4713,  and  the  violet  4472,  w^hilst  the  yellow 
5S76  Ijecomes  very  feeble »  In  the  orange  part  of  the  spectrum  a 
brilliant  new  line  can  now  be  seen,  namely,  the  mercury  line  6151,  a 
line  which  as  a  rule  does  not  appear  in  a  PI  ticker's  tul>e  containing 
mercury  vapour  when  an  electric  discharge  from  nn  induction  coil  is 
passecl  through  it.  The  presence  of  the  orange  line  of  mercury  is  of 
interest,  as  other  gases,  argon,  krypton,  hydrogen,  Ac,  mixed  with 
mercury  vapotir,  when  exaniinefl  under  the  same  conditions  fail  to 
give  it. 

\\Tiether  this  orange  line  is  shown  in  a  neon  tube  where  merciu^y 
vapour  is  present  is  difficult  to  say,  jis  one  of  the  bright  orange  lines  of 
neon  almost  coincides  with  it.* 

,  Besides  this  alteration  of  the  helium  spectrum  at  the  negative 
elect rmle  another  ciu-ioua  change  can  lie  observed,  if  a  piece  of  tubing 
(whose  internal  diameter  is  about  4  mm.)  be  introduced  into  the 
centre  portion  of  the  Pliicker*s  tube.     The  spectrum  of  the  gas  in  this 
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glow  coincide  with  these  two  systems.  For  all  those  lines  which 
disappear  in  the  negative  glow,  7065,  4713,  4472,  and  the  yellow  line 
5876  which  nearly  does  so,  belong  to  that  system  which,  according  to 
Runge  and  Paschen,  is  due  to  the  gas  helium ;  whilst  these  which  can 
be  seen  at  the  negative  glow  with  their  full  brilliance,  6677,  5016,  and 
4922,  belong  to  the  second  system. 

This  differentiation  of  the  helium  spectrum  brought  about  by  the 
presence  of  mercury  vapour  might  at  first  sight  appear  as  a  confirma- 
tion of  the  idea  of  Runge  and  Paschen  that  helium  is  a  mixed  gas, 
consisting  of  two  different  elements.  But  taken  in  conjunction  with 
the  fact  that  the  spectra  of  argon,  neon,  and  krypton  are  all  altered 
by  the  same  treatment,  no  reliance  necessarily  can  be  placed  on  the 
argument. 

In  conclusion  it  is  worth  while  pointing  out  that  a  helium-mercury 
tube  containing  the  merest  trace  of  hydrogen  should  be  of  value  as  a 
standard  tube  for  spectroscopic  measurements.  For  it  contains  fourteen 
standard  lines,  amongst  them  (C  and  F).  Moreover  all  these  lines  are 
of  brilliance  ten,  very  equally  spaced  from  the  extreme  red  to  the 
violet,  and  with  dark  spaces  between  them. 


He  Red  7065 

He  Red  6677 

H  Red  6563  C 

Hg  Orange  6151 

He  Yellow  5876 

Hg  Yellow  5790 

Hg  Yellow  5769 


Hg  Green  5461 

He  Green  5016 

He  Green  4922 

H  Green  4861  F 

He  Blue  4713 

He  Violet  4472 

Hg  Violet  4359 


"The  Seed-fungus  of  Lolium  temiUentum,  L.,  the  Darnel."  By 
E.  M.  Freeman,  M.S.,  University  of  Minnesota.  Communi- 
cated by  Professor  Marshall  Ward,  F.R.S.  Received  June  6 
—Read  June  19,  1902. 

(Abstract.) 

Darnel  {Lolium  temulentum,  L.)  has  been  known  since  Roman  times 
for  the  poisonous  properties  of  its  grain.  It  was  not,  however,  until 
1898  that  the  presence  of  an  often  considerable  layer  of  hyphse  was 
discovered  just  exterior  to  the  aleurone  layer  of  the  grain ;  to  the 
action  of  this  fungus-layer  the  poisonous  properties  are  presumably 
due.*    Nothing  had  hitherto  been  known  regarding  the  method  of 

*  How  far  ergot  and  other  fungi  may  be  concerned  ie  a  disputed  point. — 
[June  24.] 


ts 


Mr,  K  M,  Freeiimn, 


[June  6j 


ifection  of  the  plantj  although  the  presence  of  hyphse  in  the  growing 
int  from  about  the  8th  day  of  germijiation  to  the  formation  of  the 
Iruit  hiid  l^een  ol>served  hy  one  inveatigator,  and  but  little  positive 
Ividence  as  to  the  real  nature  of  the  fungus  has  Ixsen  produced » 

In  addition  to  the  now  known  hyphal  layer  outside  the  aJeurono  of 
(lie  grain  the  author  has  discovered  a  hitherto  unnoticed  patch  of 
pyphfe^  juBt  outside  of  and  contiguous  to  the  base  of  the  scutellum. 
From  this  patch  hyphi^  can  be  found  penetrating  to  the  growing  point 
If  the  embryo  in  the  seed,  and  an  ahnndant  mycelium  can  uBually  be 
(eteeted  in  the  young  gi'owing  point.     The  hyph»  continue   their 

rowth,  always  intercelbdar,  in  the  growing  point  and  in  the  Icaf-bivses 
tntil  the  formation  of  the  inflorescence,  when  every  young  ovule  con- 
kiins  an  abundance  of  hyphse  throughout  the  nucellus,  and  extending  to 

rithin  two  cells  of  its  exterior,  WTien  the  ovuJe  elongates  and  aasumea 
Ihe  ovoid  form,  there  is  fornie<l  a  tongue  of  hyphie  extending  in  the  nu- 
I  ell  us,  from  the  funicular  side  to  the  raicropyle  on  the  irmer  or  axial  side 
\i  the  embryo-sac.  This  patch  l>ecomea  isolated  by  the  further  elonga- 
lion  of  the  ovule,  and  by  the  cessation  of  growth  of  the  hyphse  in  the 
lunicle,  and  remains  vigorous,  forming  an  infectmn  htijer.  Wlien  the 
}mbryo  has  attained  a  length  of  about  3  10  mm.  and  the  rudiments 
t  and  a  terminal  scutellum  have  been  formed, 
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Summary, 

1.  The  proportion  of  grains  without  to  those  >vith  the  fungus  layer 
outside  of  the  aleurone  of  L,  temuleidum  varies,  but  is  usually  from 
80 — 100  per  cent.  In  some  cases  the  microscopic  differences  are 
sufficient  for  diagnostic  purposes. 

2.  The  hyphae  sometimes  penetrate  the  aleurone  at  any  point  and 
invade  the  starch-endosperm,  but  no  fructification  or  spores  of  any 
kind  have  been  seen. 

3.  There  exists  in  the  nucellus,  at  the  base  of  the  scutellum  and  at 
the  lower  end  of  the  inner  groove  of  the  grain,  a  layer  of  hyphse  which 
lies  directly  against  the  embryo,  constituting  an  infedion  layei\ 

4.  Embryos  of  the  grain  of  Z.  temuleiUum  in  a  proportion  approxi- 
mately equal  to  that  of  the  occurrence  of  the  fungus  in  the  grains, 
always  contain  hyphas  in  the  growing  point,  and  these  hyphae  can  be 
traced  to  their  origin  in  the  infection  layer.  They  remain  in  the  grow- 
ing point  throughout  the  life  of  the  plant. 

5.  The  course  of  the  hyphae  is  always  intercellular. 

6.  There  is  no  reason  for  the  supposition  of  any  so-called  "  myco- 
plasm  "  in  the  embryo  :  the  fungus  always  exists  as  distinct  hyphae. 

7.  In  the  growing  plant  the  fungus  forms  networks  in  the  leaf -bases, 
of  which  the  function  has  not  yet  been  determined. 

8.  The  nucellar  hyphae  of  the  grain  undergo  degeneration  during 
germination  without  the  formation  of  spores. 

9.  All  attempts  to  obtain  cultures  of  the  nucellar  hyphae  have 
failed,  indicating  either  that  the  hyphae  here  have  lost  their  vitality  or 
else,  as  is  more  probable,  that  they  are  too  closely  adapted  to  a  parasitic 
(or  symbiotic)  life  to  allow  of  artificial  culture. 

10.  In  the  young  ovary  a  tongue  of  hyphae  reaching  from  the  funicle 
to  the  micropyle  on  the  inner  side  of  the  grain,  becomes  detached 
from  the  remaining  nucellar  hyphae  by  the  elongation  of  the  ovule  and 
the  cessation  of  hyphal  growth  in  the  funicle. 

11.  Infection  takes  place  from  this  layer  as  soon  as  the  growing 
point  of  the  embryo  has  appeared  as  a  recognisable  rudiment. 

12.  The  fungus  of  other  species  seems  very  probably  identical 
with  that  of  L,  temulentum,  as  cross-infections  seem  to  be  possible  by 
grafting.  L,  muliiflaimm,  Lam.,  and  L.  italicnm,  Braun.,  also  contain  a 
hyphal  layer. 

13.  There  are  serious  objections  to  the  reference  of  this  fungus  to 
the  Ustilagineae,  to  the  ergot-forming  Pyrenomycetes  or  the  Hypho- 
mycetes  (such  as  Woronin  and  Prillieux  and  Delacroix  have  described 
for  poisonous  rye),  or  to  the  suggestion  that  it  is  a  Uredine. 

14.  The  effect  of  the  fungus  upon  its  host  seems  rather  beneficial 
than  detrimental,  and  several  facts  point  toward  the  confirmation  of 
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Guerin^j^  suggestion  of  a  symbiotic  relationship.  Such  can  be  conceived 
of  as  arising  from  a  foiiner  sclerotium-  (or  spore-)  forming  habit  by  ihe 
adoptiou  of  a  new  iutra-iseniLnat  mode  of  infection. 


"  On  the  EiTecta  of  Magnetisation  on  the  Electric  Conductivity  of 
h-on  and  Nickel"  By  GuY  Barlow,  B,Sc.,  Eesearch  Fellovx- 
of  the  University  of  Wales,  Couinuinicated  by  Professor  A. 
Gil  AY,  F,K.S.  Received  February  20, — -Kead  llEirch  6^ — -Re- 
ceived in  revised  form  June  18, 1902. 

That  magnetisation  has  an  effoct  on  the  electric  conductirity  of 
metals  was  iirst  noticed  in  1856  by  WilliMm  Thomson*  (Lord  KeUiti), 
and  since  then,  on  account  of  its  very  great  theoretical  interest,  this 
phenomenon  has  formed  the  subject  of  numcroiia  experiments.  These 
later  investigations  have  been  made  by  Tomlinson,t  Highi.J  Hurion,§ 
LednCjII  Ettingshausen  and  Ncmst,tl  Ettingshaiisen,**  Goldhammer,tt 
Lenard  and  Howard,! |  Lenard,gg  Henderson,!] [[  Beattiei^fJ  Gray  and 
Jones,***  and  others. 

Two  ctisea  of  the  phenomenon  must  lie  carefully  distinguished- 
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ance  divided  by  the  resistance  in  zero  field ;  and  a  is  a  constant.  It  is 
therefore  suggested  by  Goldhammer  that  the  above  relation  may  be 
also  true  for  the  ferro-magnetic  metals.  In  order  to  verify  this  a 
direct  determination  of  the  magnetisation  is  necessary.  Beattie  has 
investigated  the  transverse  effect  in  thin  films  of  iron,  nickel,  and 
cobalt,  and  determined  the  magnetisation  by  means  of  Kundt's  result 
that  for  such  films  the  Hall  effect  and  the  magnetisation  are  propor- 
tional. The  relation  A<^  =  al-  was  confirmed  in  the  case  of  the  cobalt 
films,  but  not  in  those  of  nickel.  In  iron  the  variation  of  resistance 
was  so  small  that  accurate  results  were  not  obtained.  In  the  more 
recent  investigation  of  Gray  and  Jones  on  the  change  of  resistance  of 
iron  wire  magnetised  longitudinally,  the  relation  A<^  =  aP  was  sug- 
gested as  approximately  representing  their  results  between  the  field 
strengths  30  and  250  c.g.s. 

The  present  investigation  had  for  its  object  a  more  exact  determi- 
nation of  the  relation  l>etween  the  change  of  resistance  and  the  mag- 
netisation in  the  two  ferro-magnetic  metals — iron  and  nickel.  As  in 
the  experiments  of  Gray  and  Jones  the  metal  was  in  the  form  of  a 
wire,  so  that  a  close  approximation  to  uniform  longitudinal  magnetisa- 
tion could  be  obtained.  In  the  course  of  the  investigation  the 
hysteresis  of  resistance  was  found  to  be  of  such  importance  that  this 
phenomenon  was  separately  examined.  Some  determinations  of  the 
transverse  effect  were  also  included. 

Ej-pemnenli  in  Ordinartj  Magnetic  Field ,<, 

These  experiments  were  made  with  three  different  specimens  of 
wire,  iron,  steel,  and  nickel. 

The  magnetic  field  was  obtained  by  means  of  a  solenoid  1  metre  in 
length,  which  was  placed  vertically.  The  current  for  this  solenoid  was 
produced  by  a  battery  of  storage  cells,  and  measiu*ed  by  means  of  a 
Kelvin  graded  galvanometer  which  was  standardised  from  time  to  time. 
The  maximum  field  was  450  c.g.s. 

The  Wheatstone-bridge  method  was  used  to  determine  the  change 
of  resistance,  the  connections  being  shown  in  fig.  1.  P  is  the  iron  or 
nickel  ynre  under  investigation,  Q  a  comparison  coil  of  equal  resistance. 
A  very  thick  but  uniform  wire  of  German-silver  was  used  for  the 
bridge,  but  for  measuring  very  small  effects  this  was  replaced  by  a 
nickel-plated  copper  wire  having  a  much  smaller  resistance  per  unit 
length.  A  and  B  are  two  equal  aitxHianj  coils  of  German-silver  wire, 
immersed  in  an  oil  bath  to  avoid  temperatiu-e  differences.  A  Kelvin 
astatic  galvanometer  G  of  resistance  3*6  ohms  was  used  in  these 
experiments.  In  some  preliminary  measru'ements  on  the  resistance 
change  in  the  iron  wire,  the  comparison  resistance  Q  consisted  of  a 
spiral  coil  of  the  same  wire.     This  method  was  first  used  by  Gray 
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ftnri  Jones,  and  theoretically  it  should  eHminnte  the  terapemture  effects 
due  to  (!)  tbe  Joule  heating  effect  in  the  iron  wire  caused  by  the 
current  which  flows  through  it^  (2)  radiation  and  conduction  of  heat 
from  the  magnetising  solenoid,  (3)  graduid  changes  of  temperature  in  the 
whole  apparatus.  It  was  found,  however,  that  the  second  of  these 
effects  stiH  gave  ris5  to  serious  difficultiea,  since  the  neeesaary  insula- 

Flo.  1, 


tion  between  the  coik  P  antl  Q  prevented  rapid  equalisation  of  tem- 
perature. Thus  the  transmission  of  heiit  from  the  solenoid  affected 
the  spind  coil  Q  sooner  than  it  affected  the  coil  P,  and  hence  the  eoui- 


1902.]       on  the  Electric  Conductivity  of  Iron  and  NicJcel,  3:3 

The  changes  of  resistance  are  determined  as  follows : — The  nickel  is 
irst  thoroughly  demagnetised  by  the  process  of  reversals ;  the  reading 
^  of  the  bridge  is  then  taken  as  soon  as  the   equilibrium  becomes 
steady.     The  magnetising  circuit  is  then  closed,  and  after  reversing 
the  current  a  number  of  times  to  ensure  reaching  a  point  on  the  curve 
trf  ascending  reversals,   the  new   reading  x  is  taken.     Finally,  the 
magnetising  current  is  broken,  and  the  residual  reading  x  determined. 
Then  Ax  =  X  -  a^o  is  the  "  step  "  on  the  bridge  wire  due  to  the  in- 
duced magnetisation,  and  Aav  =  «'  -  aro  is  the  corresponding  residual 
step.    In  taking  the  readings,  the  sliding  contact  piece  is  moved  along 
tile  bridge  until  the  point  is  reached  at  which  no  permanent  deflection 
^^     the  galvanometer  needle  takes  place  when  the  bridge  current  is 
tti-^Mle  or  broken.     This  was  found  to  be  the  most  satisfactory  way  of 
^lixninating  the  thermo-electric  effects  in  the  bridge  wire.     Before  each 
se-t;   of  readings  the  specimen  was  reduced  to  a  neutral  state  by  the 
P^^^i^cess  of  demagnetisation,  thus  avoiding  the  errors  due  to  slow 
•ct^^^nges  of  temperatiure. 

"Hhe  fractional  change  of  resistance  A<^  in  the  nickel  wire  P  corre- 
*E^<:inding  to  the  step  Ax  is  calculated  from  the  formula 

.  .       AP      A  +  B      . 
^*==-p   =  ATB-"^' 

^^ixere  <r  is  the  resistance  per  unit  length  of  the  bridge  wire.  A  slight 
^^^^xrection  is  required  for  the  resistance  of  the  copper  leads  connecting 
^    %o  the  bridge. 

^  preliminary  experiment  was  made  to  test  the  effect  of  the  magnetic 
^^Xd  on  the  resistance  of  the  copper  comparison  coil  Q.  The  nickel 
^P^il  was  disconnected  from  the  bridge,  an  equal  resistance  of  German- 
^'^I'ver  being  substituted.  Only  the  copper  coil  Q  remained  in  the 
^*^l«noid,  and  as  no  change  of  resistance  was  observed,  it  was  concluded 
^*^^»t  in  copper  the  effect  is  negligible. 

"The  magnetisation  curves  were  obtained  by  the  ballistic  method. 

^^^ren  pieces  of  the  nickel  wire,  each  65  cm.  long,  were  enclosed  in  a 

^*^iji  glass  tube,  round  the  middle  of  which  was  wound  a  ballistic  coil 

^^      200  turns  of  fine  copper  wire.     The  glass  tube  was  placed  in  the 

*^^ifl  of  the  magnetising  solenoid,  and  the  coil  connected  to  a  ballistic 

K^lvanometer  provided  with  telescope  and  scale.     The  galvanometer 

^'''"^*  standardised  before  and  after  each  set  of  readings  by  means  of  a 

^^^^ndard  solenoid  and  secondary  coil. 

The  true  magnetic  force  H  in  the  nickel  is  given  exactly  by  H  = 

^'  -NI  where  H'  is  the  magnetic  field,  calculated  from  the  known  con- 

*^^t  of  the  solenoid  and  the  strength  of  the  magnetising  current,  and 

^  is  the  demagnetising  factor  for  the  bundle  of  wire.     In  both  the 

L  ^^ristance  and  magnetic  apparatus  the  value  of  N  was  less  than  0*0005, 

%        ^  that  this  term  could  be  neglected. 
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Eemiliji. — The  correspoufling  values  of  A<^^  H,  and  I  for  the  process 
of  ascending  reversals  of  magnetiaatioii  in  nickel,  iron,  and  steel  are 
contained  in  Table  II,  The  change  of  resistance  is  always  ai\  increase, 
and  is  about  eight  times  greater  in  nickel  than  in  iron  or  steel  for  the 
same  field.  If  we  take  <:\<^  aa  oixiinate  and  H  as  abscissa,  the  curves 
obtained  will  be  found  to  have  the  same  characteristics  as  the  ordi- 
nary magnetisation  curves,  exct^pt  that  the  points  ol  inflection  are 
not  so  strongly  marked.  The  residt  is  quite  diiierent  if  I  l>e  taken  as 
al^ciBsa,  In  this  case  we  ol^tain  for  the  three  metals  a  ctirve  which 
has  no  point  of  inflection,  Imt  which  resembles  in  general  form  a  semi- 
cubical  parabola,  the  curve  being  remarkably  fiat  near  the  origin  and 
then  rising  very  steeply.  Figs.  2  and  3  show  the  relation  of  A(^  to  I  for 
nickel  and  iron  respectively,  the  abscissa  being  the  ^'iqnare  of  the 
magnetisation  I  The  curve  for  steel  differs  very  little  from  that  of 
iron. 

For  the  three  metals  it  is  found  that  the  relation  A^  =  rrP,  suggested 
by  the  experiments  of  Gray  and  Jones,  is  not  generally  satisfied  (i.f,, 
the  curves  in  figs.  2  and  3  are  not  parabolaa)^  although  it  is  13 early 
true  for  strong  fields  in  the  case  of  iron.  In  weak  fields  the  variation 
of  resistance  appears  to  ilepend  on  a  lower  power  of  the  magnetisation, 
and  in  order  to  represent  the  results  for  the  three  metals  by  the  same 
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Fig.  2. 
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and,  after  inflection,  attains  its  highest  point  with  the  maximum  field 
H  «  - 165.  The  loop  is  completed  by  a  similar  curve  as  the  field 
changes  from  ~  165  to  + 165  units.    At  the  two  minimum  points  the 
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cuTTe  appears  to  iaudk  the  axifl.     The  magnetic  hysteresis  loops  were 
also  obtained  for  exactly  the  same  cycle,  and  a  comparison  of  the  two 
sets  of  curves  indicates  that  the  change  of  resistance  is  very  closely 
related  to  the  magnetisation.     Thus  the  "  minimum  points,'*  described 
above,  appear  to  be  identical  with  tho  points  where  the  magnetisatiou 
loops  mi  the  axis ;  or  in  other  wonis,  when  the  field  is  such  as  to 
reduce  the  magnetisation  to  zero,  the  change  of  resistance  also  vardshes* 
Thus  this  critical  value  of  the  field  is  approximately  equal  to  the 
*'  coercive  force  "  of  the  specimen.     In  all  cases  the  curves  represented 
the  cjtHc  state  that  is  obtained  after  a  large  nnmber  o!  reversals  of 
the  field. 
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It  ahould  be  mentioned  that  the   change  of  length  produced  by 

iQagnetiaation  in  iron  and  nickel  is  too  small  in  moderate  fields  to 

^Uicount  for  the  observed  variation  of  resistance ;  it  is,  however,  possible 

that  this  effect  may  give  lise  to  an  important  correction  in  strong 

£elds. 

It  is  obvious  that  the  method  employed  in  these  experiments  com- 
pletely eliminates  any  change  of  resistance  which  is  reversed  in  sign 
'>J'   reversal  of  the  field ;  but  such  an  effect  has  never  been  observed. 


Experiments  in  High  Fields. 

Experiment  L — Longitudinal  Effect  in  Nickel. 

-Another  specimen  of  wire  was  used  having  a  diameter  of  0*33  mm., 
*""^<1  covered  with  double  silk  insulation. 

X  t  being  desirable  to  determine  the  magnetic  field  and  magnetisation 
^i*^cler  exactly  the  same  conditions  as  the  change  of  resistance,  the 
^E^I^ratus  was  arranged  so  as  to  allow  the  three  measurements  to  be 
™^cie  with  the  same  nickel  coil.  A  modification  of  the  "  isthmus  " 
^^ttod  was  adopted.  The  magnetic  field  was  produced  by  means  of  a 
^^ge  electromagnet  provided  with  conical  pole  pieces  having  faces 
1'*^  cm.  in  diameter. 

The  essential  part  of  the  apparatus  is  represented  diagrammatically  in 

^Ss.  5  and  6.     The  nickel  wire  was  wound  in  a  single  layer,  in  and 

oixt  the  thin  glass  cylinder  C,  1*1  cm.  long  and  Tl  cm.  in  diameter,  so 

^^«^t  the  turns  of  the  coil,  88  in  number,  were  parallel  to  the  axis  of 

the  cylinder,  as  shown  in  fig.  5.     The  glass  being  thin,  the  transverse 

fi'^ci  elements  of  the  coil  were  small  in  comparison  with  the  length  of 

tho   cylinder.     There  were  three  ballistic  coils;    the  innermost  was 

'''^^Vind  on  a  glass  tube  D,  the  second  on  the  brass  cylinder  B,  and  the 

°^t;«rmo6t  on  the  brass   flange   A,   which   extended   over  half    the 

^^y^linder  B.     This  system  of  coils  was  attached  to  one  end  of  a  wooden 

*^*^^,  having  a  pivot  at  the  other  extremity,  by  means  of  which  the 

^^ils  could  be  suddenly  placed  in  the  proper  position  between  the  poles 

^^    the  magnet.     Before  every  reading  the  nickel  was  demagnetised  by 

*  ^^parate  arrangement.     The  ballistic  deflections  as  well  as  the  resist- 

*^Cr€  change  were  produced  by  placing  the  coils  in  the  field,  the  effects 

^   i^idual  induction  in  the  nickel  being  thus  avoided.     There  being 

^^  fK)mpen8ation  for  temperature  variations,  it  was  necessary  to  make 

^*^^  observations  as  quickly  as  possible.     It  was  arranged  that  the 

"^llistic  deflections  measured  the  differences  of  the  total  induction 

k        ^*^ugh  the  consecutive  coils.     The  values  of  H  and  I  were  then  easily 

m        *^ulated  from  the  two  observed  deflections. 

A  As  usual,  it  is  assumed  that  the  value  of  the  field  just  outside  the 

'*  1       luckel  is  the  same  as  that  in  the  metal.    The  innermost  balli^tk  ^ovV 
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merely  served  to  eliminate  the  value  of  the  field  near  the  axis, 
method  of  determining  I  becomes  insensitive  when  H  is  very  gr 
was  therefore  found  impossible  to  obtain  measurements  of  th 
netisation  in  this  case.  It  is  probable,  however,  that  the  sati 
stage  of  magnetisation  was  practically  reached  within  the  range 
experiment. 

Fig.  6. 
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place  in  the  highest  fields,  a  peculiarity  that  could  not  be  accounted 
for  by  the  experimental  errors.  In  order  to  investigate  this  effect  in 
atill  higher  fields,  the  following  experiment  was  made : — 

Experiment  11. — Longitvdmal  Effect  in  Nickel, 

The  method  used  was  the  same  as  in  Experiment  I,  but  the  apparatus 
was  simplified  and  made  as  small  as  possible.  The  nickel  wire  was 
wound  on  a  glass  cylinder  as  before,  the  number  of  complete  turns 
being  thirty-four  and  length  of  cylinder  only  5  mm.  A  small  ballistic 
coil  was  placed  in  the  axis  of  the  nickel  coil  in  order  to  determine  the 
field.  Finer  pole  pieces  were  used  and  the  distance  between  them 
reduced  to  7*5  mm.  No  attempt  was  made  to  measure  the  magnetisa- 
tion, and  the  field  determined  by  the  ballistic  coil  is  assumed  to  be 
the  same  as  that  in  the  nickel :  as  this  had  been  proved  to  be  approxi- 
mately true  in  the  former  experiment. 

Results, — The  change  of  resistance  now  exhibits  a  decided  maximimi — 

A^  =  0-0156,  H  =  2000  cg.s., 

and  in  higher  fields  decreases  continuously  to  the  value 

A^  «  0-0100,  H  =  18,000  cg.s. 

To  explain  this  result  it  appears  necessary  to  consider  the  effect  of 
the  end-elements  of  the  nickel  coil.  In  this  apparatus  the  end-elements 
formed  a  considerable  fraction  of  the  whole  coil,  whereas  in  Experi- 
ment I  this  fraction  was  small.  These  elements  of  the  wire  are 
magnetised  transversely.  Even  if  there  were  no  transverse  effect  in 
nickel,  the  existence  of  the  end  elements  reduces  the  observed  change 
of  resistance,  and  the  necessary  correction  cannot  be  estimated.  But 
the  electrical  resistance  of  nickel  is  diminished  by  the  transverse  mag- 
netisation, and  this  effect  may  therefore  easily  explain  the  peculiar 
results  of  the  above  experiment. 

Expeiimcrd  III. — Traiismrse  Effect  in  Nickel, 

The  above  experimehts  suggested  that  an  examination  of  the 
transverse  effect  in  the  same  specimen  of  nickel  would  prove  of  con- 
siderable interest.  For  this  purpose  a  coil  of  the  nickel  wire  was 
wound  non-inductively  on  a  short  brass  bobbin  provided  with  wide 
flanges.  The  plane  of  the  coil  was  placed  at  right  angles  to  the  lines 
of  force,  so  that  the  whole  of  the  wire  was  magnetised  transversely. 
Very  strong  fields  were  obtainable  on  account  of  the  small  thickness 
of  the  coil,  3  mm.  only.  It  is  impossible  to  measiu-e  the  magnetic 
field  which  exists  in  the  metal  in  such  a  case,  but  the  field  undis- 
turbed by  the  nickel  coil  was  determined  for  each  measurement  of  the 
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resistance  change.    The  nickel  coil  was  subjected  to  the  demagnetising 
process  before  each  reading. 

The  variation  of  resistance  is  shown  in  fig.  7. 


Fig.  7. 
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In  weak  fields,  A<^  has  a  small  positive  value,  but  a  reversal  takes 
place  in  a  field  of  1500  c.g.s.  For  higher  fields  A</>  is  negative  and 
increases  continuously  ;  even  in  the  highest  field,  H  =  28,000,  there  is 
no  indication  of  A<f)  having  a  definite  limit.  The  general  form  of  the 
curve  is  similar  to  the  curves  obtained  by  Beattie  for  certain  nickel 
films. 

From  these  results  it  was  found  that  the  decrease  observed  in 
Experiment  II  might  be  accounted  for  by  assuming  that  about  one- 
fifth  of  the  wire  was  transversely  magnetised.  The  slight  decrease 
observed  in  Experiment  I  is  also  to  be  explained  in  the  same  way. 


Ej-perimeni  IJ\ — Transverse  Effect  in  Nickel 

A  flat  spiral  of  the  nickel  wire  was  inclosed  between  two  plates  of 
mica.  Using  the  fine  pole  pieces  at  a  distance  apart  of  only  1  mm«| 
the  following  result  was  obtained : — 


A</>  =   -0-0199, 


H  =  34,000  c.g.s. 


The  field  strength  was  determined  before  placing  the  spiral  in  the 
field.  This  value  of  the  resistance  change  is  the  greatest  effect  ob- 
served in  these  experiments. 


)2J]        on  the  Electric  Conductivity  of  Iron  and  Nickd, 
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Experimmt  T. — Transverse  Effect  in  Iron, 

\xi  attempt  was  also  made  to  measure  the  transverse  effect  in  iron, 
ng  the  same  method  as  in  Experiment  III.    The  effect  observed 


Table  I. — Dimensions  of  Wires  used  in 

the  Experiments. 

Experiment. 

Diameter 
of  wire  in 
millimetres. 

Kesistance. 

Ohms  per 

centimetre. 

15^0. 

Actual 

resistance 

of  coil  in 

ohms.  15°  C. 

Total 

length  of 

wire  in 

centimetres. 

'clinarj  fields — 

K  ron 

•ateel 

0*330 
0-765 

0*01450 
0*00382 

i*a3 

1-01 

127 
268 
264 

1 

Nickel   

0*765 

0*00217             0*573 

^h  fields— 
Mckel.    Exp.      I  .. 

,.       II  .. 

.,     Ill  .. 
^     ,,            „      IV   .. 
rron             „      .V  .. 

0-200 

>> 

0*02900 

>» 

6-90 
1-81 
4*65 
0-67 
1*40 

Table  II.— The  Longitudinal  Effect  for  Nickel,  Iron,  and  Steel. 
(Ascending  reversals  for  mean  temperature  10**  C.) 


Nickel. 

Soft 

iron. 

Steel. 

H. 

I. 

I 
A0  X  10-«. ' 

I. 

A^  X  10-«. 

I. 

1 

A^  X \0-\ 

10 

10 

_ 

680 

50 

70 



20 

60 

100 

1040 

210 

800 

— 

80 

178 

650 

1180 

840 

1150 

800 

40 

225 

1250 

1230 

440 

1230 

470 

50 

256 

1900 

1270 

520 

1260 

545 

60 

277 

2450 

1300 

590 

1280 

600 

80 

805 

3500 

1340 

700 

1320 

710 

100 

827 

4400 

1370 

800 

1360 

823 

150 

866 

6300       1 

1430 

1040 

1420 

1056 

200 

893 

8050       1 

1470 

1240 

1470 

1270 

250 

1       ^11 

9400    ; 

1500 

1400 

1500 

1460 

300 

426 

10500 

1530 

1550 

1580 

1640 

350 

436 

11400 

1560 

1670 

1560 

1780 

400 

446 

12300 

1580 

1760 

1580 

1920 

450 

456 

12900 

1590 

1850 

1600 

2030 

790« 

looo* 

474 

1 17000 

(max.)/ 

250 

900 

840 

70 

1120 

180 

Note  {*)  refers  to  Experiment  I  in  strong  fields 
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was  very  small,  Imt,  aa  in  the  case  of  nickel ^  exhibited  a  chiinge  of 
eign,  the  reversal  taking  place  in  a  field  of  9500  e.g.s.     (Seo  fig.  7.) 

The  highest  field  obtained  was  only  1I,0€0  c.g*s.^  and  as  the  &elf* 
demagnetising  force  must  be  very  great  in  this  ease,  it  ii  possible  that 
with  much  stronger  fields  tbe  effect  may  increase  rapidly.  The  same 
specimen  of  iron  wits  used  as  in  the  experiments  with  ordinary  fields. 

All  the  experiments  described  abo^'^e  were  carried  out  in  the  Physi- 
cal Laboratory  of  the  University  College  of  North  Wales ;  and,  in 
conclusion,  1  desire  to  acknowledge  my  great  obligation  to  Professor 
E.  Taylor  Jones  for  the  interest  be  has  taken  in  the  work^  and  also  for 
much  vnluable  help  and  advice^ 


'  Influence  of  Temperature  on  the  Conductivity  of  Electrolytic 
Solutions,"  By  W,  It  Bousfielp,  M,A.,  KC,  MJ\,  and  T. 
Maetix  Lowry,  D.Sc.  Oominuiiicated  by  Professor  H,  E, 
Armstrokg,  F.E.S.    Keceived  and  i^ad  June  19,  1902, 


The  phenomenon  of  electrolysis  is  characteristic  mainly  of  the  liquid 
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the  assumption  that  the  "  mobility  "  of  the  ions  which  carry  the  cur- 
rent is  independent  of  the  dilution,  and  is  probably  subject  to  serious 
errors  when  applied  to  solutions  containing  more  than  one  equivalent 
of  Bolute  in  100  litres.    The  second  method  is  based  on  the  determina- 
tion (usually  from  the  boiling  point  or  freezing  point)  of  the  osmotic 
pressure  of  the  solution.     The  "  active  "  part  of  the  solute  produces 
an  osmotic  pressure  n  times  as  great  as  that  produced  by  an  equi- 
inolecular  quantity  of  an  "  inactive  "  solute,  w  being  the  number  of 
ions  into  which  the  molecules  of  the  sohite  would  be  decomposed  on 
electrolysis.     The  coefficient  of  ionisation  is  deduced  from  the  equa- 
tion a  =    ~-~j   in  which  the  factor  i  represents  the   ratio  of    the 
w-1 

observed  osmotic  pressure  to  that  calculated  for  an  inactive  solute  at 
equal  dilution.  This  method  of  measuring  a  is  also  valid  only  in 
dilute  solutions,  is  probably  subject  to  error  when  applied  to  solutions 
containing  more  than  one  equivalent  of  solute  in  10  litres. 

In  the  majority  of  cases  the  magnitude  of  the  coefficient  of  ionisa- 
tion is  found  to  decrease  as  the  temperature  rises,  and  the  primary 
effect  of  an  increase  of  temperature  is  therefore  to  reduce  the  amount 
^  active  material  in  the  solution — an  effect  which  may  be  attributed 
^  the  gradual  disappearance  of  the  **  ionising  power  "  of  the  solvent, 
^ut  whilst  the  coefficient  of  ionisation  usually  decreases  as  the  tera- 
Porature  rises,  the  equivalent  conductivity  at  infinite  dilution  in- 
variably increases.  This  is  due  to  an  increase  in  the  "mobilities," 
^  and  V,  of  the  kathion  and  anion,  which  together  make  up  A^ ,  and  is 
Ultimately  related  to  the  decreasing  viscosity  of  the  solution,  which 
*^Ws  the  migration  of  the  ions  to  proceed  more  rapidly  as  the  tem- 
perature rises.  The  effect  of  temperature  on  the  equivalent  conduc- 
^^ty  of  an   electrolytic   solution   is   therefore  determined  by   two 

apposing  influences,  and  the  temperature  coefficient       -^-       will  be 

A  (IT 

^  or  -I-  according  as  one  or  other  of  these  influences  predominates. 
In  the  case  of  aqueous  solutions,  the  temperature  coefficient  at  18"  C. 
^  always  positive,  and  usually  amounts  to  about  2  per  cent,  of  the 
^*iductivity  at  18'  per  degree  Centigrade.  The  conductivity  tem- 
P^i^ture  curves  are  very  flat  (compare  fig.  1),  and  have  frequently  been 
^^resented  by  linear  formulae  such  as  Af=X^  (l+o/),  but  may  often 
^  more  accurately  represented  by  a  parabolic  formula  such  as 
^  ===  Xo  (1 -f  a/ +  jS^).     If  the  linear  or  parabolic  curves  be   produced 

^^  the  direction  of  decreasing  temperature,  they  would  cut  the  axis 

•  The  temperature-coefficient  -  —  of  specific  conductivity  is  not  identical  with 

"j^Ti  — -J-  «  ^  +    --=-    approximately,  where  d  i9  the  coeflicient  of   expansion 
^^e  tolntioD, 
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of    tomperatiire   at   points    not   more  than   50'   below   the   freezing: 
point  of  water.     The  point  of  iiatersection  is  an  important  constant 


06 


FiQ,  1. — Influenei?  of  temperature  on  tb©  conductivity  of  very  dtlute  solution *, 


for  any  given  solution,  and  we  have  been  aeetLstomed  to  refer  ta 
it  ag  the  amdudivihj  Zfro  of  the  solution.  At  this  temperature,  if  the 
<^]>ser\'ed   relationship  between  conductivity  and  tcmi 
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**  critical  temperature  "  the  water  would,  *'  independently  of  crystiil- 
Haation  reach  a  lower  limit  of  the  liquid  state,"  the  mobility  of  the 
ions  being  simultaneously  reduced  to  zero.  The  actual  existence  of 
HUch  a  sharply  defined  critical  temperature  appears  to  us  to  be  some- 
what improbable.  We  consider  it  more  likely  that  in  an  overcooled 
solution  the  relationship  between  conductivity  and  temperature,  deter- 
mined from  observations  above  the  freezing-point,  would  cease  to  hold 
good  in  the  neighbourhood  of  the  conductivity  zero,  and  that  even  at 
considerably  lower  temperatures  the  electrolyte  might  still  retain  some 
appreciable  conductivity. 

We  have  obtained  experimental  evidence  in  support  of  this  view 
from  a'study  of  the  conductivity  of  glass,  which  may  be  looked  upon 
as  a.  typical  example  of  an  overcooled  electrolyte.  The  accompanying 
curve  [and  table  (fig.  2)  represents  a  series  of  observations  which  we 


^W&^     7S^      S^     760^      7a3^     W^     seo°    a*3* 
Fie.  2. — Influence  of  temperature  on  the  conductivity  of  glass. 

"^'^e  made  on  the  change  with  temperatiu'e  of  the  conductivity  through 
^^*  walls  of  a  glass  test-tube.  The  test-tube  was  half-filled  with 
''dreary,  and  was  placed  inside  a  larger  tube,  also  containing  mercury, 
flud  heated  in  a  sand-bath  ;  the  inner  tube  contained  a  thcrmomv^tx^T^ 
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and  the  conductivity  between  the  two  layers  of  mercury  was  date 
mined  by  a  potentiometer  method ;  the  conductivities  are  expressed 
arbitrary  units.  Above  200'  the  curvature  is  very  slight  and  the  cur 
is  similar  to  that  of  an  aqueous  "electrolyte  above  0".  Extrapolate 
from  this  part  of  the  curve  would  indicate  the  existence  of  a  "  condt 
tivity  zero  "  at  about  185°  C,  but  as  this  temperature  is  approach 
the  decrease  of  conductivity  becomes  much  less  rapid^  the  "critic 
temperature  *'  is  passed  without  any  abrupt  change  in  the  curve,  ai 
even  below  100*  the  conductivity  is  still  measurable. 

Further  evidence  of  a  similar  character  is  supplied  by  the  tempei 
ture-\'iscosity  curves.  The  formula  given  by  Kohlrausch  leads  to 
limit  of  fluidity  at  -  SS^'-b,  Init  no  statement  is  made  as  to  the  expe 
mental  data  on  which  it  is  based.  Thorpe  and  Rodger*  give  t^ 
formulae  for  the  viscosity  of  water.     The  first, 

rj  =  5-9849(43-252  +  0"^^^, 

expresses  the  experimental  data  from  0**  to  100"*,  and  would  lead  to 
limit  of  fluidity  at  -  43''-2,  a  temperatiu'e  within  5'  of  Kohlrauscl 
critical  temperature.     But  the  second  formula, 

rj  =  58-7  375(58-1 12  +  0"^'®**^, 
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Kt=  ici8{l+a(/-18)  +  i»(/-18)2}. 

In  the  case  of  solutions  of  very  great  dilution,  tho  coefficient  P, 
which  determines  the  curvature  of  the  lines  (fig.  1)  is  related  to  the 
coefficient  a,  which  determines  the  slope  of  the  tangent  at  18°  C,  in 
Accordance  with  the  equation 

P  =  0-0163  (a -0-0174), 

and  the  whole  influence  of  temperature  on  conductivity  is  thus  deter- 
mined hy  a  single  arbitrary  constant.  A  similar  equation  is  also  used 
by  Kohlrausch  to  express  the  influence  of  temperature  on  the  separate 
ionic  mobilities.  Negative  values  of  ^  occur  only  in  tho  case  of  the 
hydrogen  ion, 

a  =  +0-0154,  p  =   -0-000033, 

and  the  acids  which  contain  that  ion ;  positive  values  of  fi  range  from 
that  of  the  hydroxyl  ion, 

a  =  +0-0179,  P  =  +0-000008, 

^hich  obeys  a  law  which  is  almost  linear  to  that  of  the  lithiimi  ion, 

a  =  +0-0261,  p  =  +0-000155, 

^here  the  curvature  of  the  lines  in  the  conductivity  temperature 
^*iagram  is  very  pronounced.  In  order  to  make  a  direct  comparison 
•^tween  conductivity  and  viscosity — a  comparison  which  is  hardly 
P<»8ible  when  two  entirely  different  types  of  formula  are  used  for  the 
two  phenomena — we  have  sought  to  express  the  viscosity  of  water  by 
'^ns  of  the  formula 

^^  order  to  make  the  comparison  as  exact  as  possible,  we  have 
^uced  the  constants  a  and  P  from  the  values  given  by  Thorpe  and 
'^ger  for  the  viscosity  of  water  at  5''-45,  13'-52,  and  30'-72,  the 
^^'Jiperature  limits  being  thus  almost  identical  with  those  of  D^guisno's 
^^periments,  and  have  thus  obtained  the  values 

a=  +0-0251,  ^=  +0-000115, 

^^^  the  two  constants.  We  find  that  between  5 '  and  55^  this  expres- 
^on  represents  the  experimental  data  with  even  greater  closeness  than 
^^e  formula  used  by  Thorpe  and  Rodger,  but  that  above  55  "*  it  gives 

^^Ues  smaller  than  those  determined  experimentally.     The  closeness 

^t  the  agreement  is  ehown  by  the  following  table : — 
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L 

n  (obi.). 

ri  (oalf?.) 

BiC 

1)  Mc.) 

niff. 

(Thorpe  and 

Rodger,) 

(Bouideld  luid 

Lo^Ty.) 

6-45 

0  "01494 

o-our*4 

0 

0'014f*4 

0 

18-52 

0-01 181 

0-01179 

-3 

0*01181 

0 

22*02 

0  '00355 

o^oofmi 

-4 

0  O0954 

-1 

30*73 

0  '0078G 

0-0078* 

-t 

O'0O7Ht> 

0 

39-32 

0-00662 

O'Ooefii 

Q 

0*006<;2 

0 

47*03 

0  00576 

0  '00577 

-¥l 

0  "00576 

0 

55-53 

0*00501 

0  '00502 

^1 

a '00500 

-1 

The  values  of  a  and  j^  in  this  formula  for  the  viscosity  of  water  aa 
considerably  larger  ttian  those  which  express  the  influence  of  teta 
perature  on  the  eonductinty  of  the  majority  of  aqueous  solutions,  hL. 
ixgrte  rtmarkabbj  doseit^  with  ilie  valms  given  6y  KokIraus(^  far  the  c&^ 
dudmtf/  ofpHrifieii  wnttr  \  this  he  found  to  have  an  abnormally  kr|S 
temperature  coefficient,  the  constants  being 


tt  =  +  0*0254, 


0-  +  0*000130, 


as  compared  with  the  values  of  the  constants  in  the  viieosity  formnlfl 
a-  +  0^0251.  i3  -  +  0-000115. 
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In  no  case  is  the  temperature  coefficient  of  viscosity  so  great  as  in 
the  case  of  water,  and  the  conductivity  zero  for  each  of  these  liquids  is 
evidently  very  far  below  the  conductivity  zero  for  water. 

(2.)  At  great  dilutions  the  influence  of  temperature  on  ionisation  is 
luually  much  reduced,  and  aqueous  salt  solutions  of  N/1000  strength 
have  temperature  coefficients  of  conductivity  which   do  not  differ 
appreciably  from  those  calculated  for  solutions  of  indefinitely  great 
dilution.     These  coefficients  can   be  used  in  determining  the  con- 
ductivity zero  of  the  solvent,  and  a  rough  estimation  is  possible  from 
measurements  made  in  much  less  dilute  solutions.     The  conductivity 
of  a  number  of  salts  dissolved  in  liquid  ammonia  has  been  determined 
by  Legrande*  at  temperatures  ranging  from  -  32"  to  -  70*  C,  the 
dilution  in  each  case  being  greater  than  100  litres  per  equivalent.    The 
mean  temperature  coefficient  at  -  60'  C.  for  the  five  salts  was  +  0*012, 
correeponding  with  a  conductivity  zero  at  -  140**.    A  similar  examina- 
tion of  Walden  and  Centnerszwer's  measurements  of  solutions  in  liquid 
sulphur  dioxide  between  0**  and  -  70*  C.t  serves  to  place  the  con- 
Aictivity  zero  for  this  solvent  at  about  -  160°  0.    The  measurements 
of  Dutoit  and  FriedrichJ  of  the  conductivity  between  0*  and  25^  of 
solutions  of  AmCNS  and  Nal  in  acetonitrile  lead  to  a  conductivity 
wro  for  the  nitrile  at  -  90*  C. 

(3.)  The  temperature  coefficient  of  conductivity  of  purified  water 
leads  to  a  satisfactory  value  for  the  conductivity  zero.  By  applying  a 
similar  method  to  Fresnel's  measurements  of  the  conductivity  between 
-40'  and  -80*  of  purified  ammonia  §  we  have  obtained  for  the  con- 
ductivity zero  the  value  - 130*,  a  value  which  is  substantially  in 
^igreement  with  that  deduced  from  the  behaviour  of  Legrande's  salt 
solutions. 

Whilst  at  low  temperatures  the  effect  of  temperature  on  conductivity 
^  determined  mainly  by  the  changing  mobility  of  the  ions,  at  higher 
^Uiperatures  the  changing  ionisation  becomes  the  dominant  factor. 
^d  just  as  the  increasing  viscosity  of  the  solution  leads  at  low  tem- 
peratures towards  a  Unoer  conductivity  zero  at  which  the  viscosity  of 
^^  liquid  would  altogether  prevent  electrolysis,  so  at  high  temperatives 
**^  upper  limit  may  exist  at  which  the  conductivity  would  again 
^Oome  zero  owing  to  the  complete  disappearance  of  ionisation. 

In  the  case  of  aqueous  solutions  the  indications  of  an  upper  ayiuixic- 
^^^nty  zero  are  only  slight.  At  18*  the  temperature  coefficients  of 
^^Uductivity  are  all  positive,  and  only  in  very  exceptional  cases  have 
^^gative  coefficients  been    observed,   even  at    higher   temperatures. 

•  Thetis,  Paris,  1900. 

t  *  Zeit.  Phys.  Chem.,'  1902,  vol.  39,  p.  542. 
t  'Bui.  Soc  Chim.,*  1898,  vol.  19,  pp.  321—337. 
§  <  Zeit.  Electrochem.,'  1900,  toI.  6,  p.  485. 
VOL.  LXXI.  E. 
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Nevertheloss,  when  the  ioiluence  of  ehanging  iotilc-ttiobiUty  k 
eliminatcdj  and  the  coefficient  of  ioniaation  is  dealt  vrith  separately , 
the  decay  of  ionization  us  temperature  rises  is  \t\  many  cases  very 
clea]']y  marked,  eveu  at  O""  C.,  and  m  preaence  of  a  large  excess  of  the 
solvent.  Thus  Whetham*  1ms  shown  that  at  a  dilution  of  1000  litres 
per  molecnle  of  jsolute  the  coefficient  of  ionisation  of  potassium  chlonde 
f£iIJtf  from  0-992  at  0'  to  0'982  at  18%  and  that  of  barium  chloride 
from  0^969  at  0"  to  0-954  at  18";  in  the  caae  of  copper  snlphato  no 
decrease  oceurs  at  dilntioii^  greater  than  1000  litres,  but  at  a  dilution 
of  lOO  litres  the  coefficient  falls  from  0*638  at  0^^  to  0*623  at  18\ 
These  and  other  meitsnrements  that  have  been  made  l>etweeii  0"  and 
100*  serve,  however,  miunly  to  show  that  within  those  limits  the 
coeffieieut  of  ionisation  is  inttuenced  only  to  a  relatively  small  extent 
by  temperature,  and  that  the  upper  conductivity  zero  mu£t  lie  very 
much  further  from  the  boiling  point  than  the  lower  zero  is  re  moved 
from  the  freezing  point. 

The  different  behaviour  of  acids  antl  traits,  whieh  is  unimportant  in 
the  case  of  the  lower  condiictivity  kci'o,  becomes  a  vital  factor  in 
discussing  the  possible  exiatence  of  an  upper  conductivity  zero. 
Arm  strong  t  has  aheudy  called  attention  to  the  importanee  of  the 
fact  that  whilst  the  majority  of  salts  are  conductors  }ier  se^  the  aeids 


1902.]  CofuIucHviti/  of  EUetrolytic  SolvtioHfi.  51 

boiling  point  and  experimental  work  is  rendered  very  difficult,  owing 
to  the  ready  solubility  of  glass  in  water  at  high  temperatures ;  this 
not  only  contaminates  the  solutions  but  greatly  weakens  the  sealed 
tubes  in  which  they  are  contained.  Hagenbach*  has,  however,  made  a 
angle  dbeenration  which  is  of  importance  as  showing  that  even  the 
salts  of  the  alkali-metals  may  exhibit  n^ative  temperature  coefficients 
at  high  temperatures ;  in  the  case  of  an  aqueous  solution  of  KCl,  con- 
taining dissolved  glass,  he  actually  observed  on  one  occasion  a  maxi- 
mum of  conductivity  before  the  explosion  of  the  tube  took  place  at 
310. 

Aluch  more  evidence  is  available  for  the  existence  of  an  upper  con- 
ductivity zero  in  the  case  of  non-aqueous  solutions.  Franklin  and 
l^Tiust  have  found  that  at  high  temperatures  the  conductivity  of 
solutions  in  liquid  ammonia  decreases  as  the  temperature  rises — an 
effect  directly  opposite  to  that  observed  by  Legrande  at  low  tempera- 
tures; and  Maltbyt  has  shown  that  even  at  atmospheric  tempera- 
tures the  conductivity  of  an  ethereal  solution  of  hydrogen  chloride 
decreases  as  the  temperature  rises,  and  in  the  neighbourhood  of  the 
critical  temperature  is  only  ^V  o^  ^^^  conductivity  at  18**.  Negative 
temperature  coefficients  have  also  been  observed  by  Cattaneo§  in  solu- 
tions in  ether,  alcohol  and  glycerol. 

The  most  valuable  experimental  data,  however,  are  those  derived 
^ix>m  the  study  of  solutions  in  liquid  sulphur  dioxide.  Hagenbach,|| 
ill  order  to  ascertain  whether  the  limit  of  conductivity  was  reached 
&t  the  critical  temperature,  measured  the  conductivity  of  solutions 
in  sulphur  dioxide  at  temperatui*es  ranging  from  20"  to  160,  and 
found  that  the  temperature-coefficients  between  100"  and  140'  of 
KCl,  KBr,  KI,  and  Nal  were  all  negative,  and  amounted  to  about 
^  per  cent,  of  the  conductivity  at  100**  for  each  degree  Centigrade. 
The  upper  conductivity  zero  of  these  solutions,  determined  by  extra- 
polation from  the  measurements  between  13»0"  and  150',  would  lie  in 
©ach  case  some  5"  or  10°  alK)ve  the  critical  temperature  of  the  solution, 
^it  immediately  below  the  critical  temperature  the  conductivity  falls 
^pidly  over  a  narrow  range  of  temperature  until  it  reaches  the  small 
Wt  measurable  conductivity  of  the  gas.  It  is  to  be  noticed  that  the 
substances  examined  by  Hagenbach  are  all  self-ionising — this  would 
i^^etard  the  decay  of  ionisation,  and  would  have  the  effect  of  raising  the 
^'Kpper  temperature-limit  of  conductivity.  High  temperature  measiu^c- 
ii^iits  have  also  been  made  by  Walden  and  CentnerszwerIT  in  the  case 

•  •  Ann.  d.  PhjBik/  1901  [5],  vol.  2,  p.  306. 

t  *  Amer.  Chem.  Jour.,'  1900,  toI.  24,  p.  88. 

J  *Zeit.  Phys.  Chem./  1895,  Tol.  18,  p.  133. 

§  *  Bend.  Lincei '  [5],  toI.  2, 1,  p.  295,  and  II,  p.  112,  1893. 

II  'Ann.  d.  Phytik,'  1901  [6],  t©1.  2,  pp.  27f5— 812. 

f  'Zeit.  Phys.  Chem.,*  1902.  toI.  39,  p.  549. 
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of  {Solution  B  in  sulphur  dioxide  of  hydrogen  ch  lone  la,  quiaotine,  and  a 
number  of  orgAnic  iodides.  The  Ritt  of  these  solutions  is  of  tpecial 
interest,  Fsince  hydrogen  chloride  is  known  to  he  of  itself  a  noii- 
eleetroly  te,  and  to  possess  no  power  of  self -ioniaation  ;  the  conductivity 
of  its  solution  in  sulphur  dioariile,  tiidike  that  of  the  salt-sohitions 
ei^Bmined  by  Hagenbach,  appears  to  decrease  legidarly  to  a  zero  value 
at  the  critical  temperature,  which  ls  therefore  identical  with  the  upper 
conductivity  zero  of  the  solution. 

We  are  now  in  a  position  to  review  the  inJluenc©  of  temperatiu^  on 
the  conductivity  of  a  "  composite  electrolyte  "  over  the  whole  range  of 
temperature  within  which  it  remains  a  conductor.  Its  general  charac- 
ter may  be  represented  by  means  of  a  curve  (fig.  3),  in  which  tompera- 
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lower  conductivity  zero  of  the  solution ;  but  as  this  temperature  is 
approached  the  curve  probably  tiwns  aside  and  becomes  asymptotic  to 
the  axis  of  temperature. 

Above  the  temperature  of  maximum  conductivity  the  conductivity 
•ho  decreases,  the  decreasing  viscosity  being  now  more  than  counter- 
Wanced  by  the  decreasing  ionisation  of  the  solution.  The  decay  of 
ionisHtion  l)ecomes  more  rapid  as  the  temperature  rises,  and  if  the 
wlute  is  not  an  electrolyte  j^w'sg,  the  curve  EF  runs  steadily  down  and 
cute  the  axis  at  T4,  the  critical  temperature  of  the  solution,  which  is 
thus  the  upper  conductivity-zero  of  the  solution.  In  the  case  of  very 
dilute  solutions  this  would,  of  course,  be  identical  with  the  critical 
temperature  of  the  solvent.  If,  however,  the  solute  is  capable  of  self- 
lonisation,  the  curve  EFG  tends  towaids  an  upper  conductivity  zero 
*t  Tj  a  few  degrees  above  the  critical  temperature,  but  as  the  critical 
teniperatiu*e  is  approached  the  conductivity  falls  abruptly  along  GH 
to  a  value  comparable  with  that  which  persists  in  the  gaseous  state  HI. 

[^(Ae  added  August  2,  1902. — The  general  scheme  of  fig.  3  serves  to 

^^  into  prominence  at  least  one  important  p6int  Ihat  has  been  very 

generally  overlooked,  namely,  that  the  normal  form  of  the  conductivitj/' 

imperil  I  uTf  curve  for  a  composite  electrolyte  w  oive  which  contnins  a  point  of 

^pxifm.    Two  such  points  are  shown  in  fig.  3,  between  B  and  C  and 

J^tween  E  and  F.    Of  these,  the  former  should  be  frequently  observed 

^  aqueous  solutions,  seeing  that  these  give  values  lying  on  parts  of 

^J^e  curve  both  above  and  below  the  inflexion.     A  widespread  impre.-5- 

'*on  exists,  however,  that  an  inflexion  in  the  conductivity-temperature 

^Qrve  indicates  some  abnormal  change  in  the  character  of  the  solution. 

^8  impression  has  been  strengthened,  if  indeed  it  has  not  been 

^'^ted,  by  the  general  adoption  of  a  linear  or  parabolic  formula  to 

f^ress  the  influence  of  temperature  on  conductivity.     Kohlrausch, 

^'^  his  detailed  review  of  the  literature  of  the  subject,*  makes  no 

'"^^fcrence  to  the  existence  of  inflected  curves,  and  does  not  even  hint  at 

:  ^^  possibility  of  curves  of  tbis  type.    Trotsch,  who  observed  inflexions 

^  the  case  of  a  number  of  sulphates  and  the  chlorides  of  copper  and 

^obalt,t  regarded  them  as  due   to   the   decomposition   of   hydrates 

^^Bting  in  the  solution,  whilst  Donnan  and  Bassett,  in  a  paper  which 

^  only  just  appeared,!  quote  the  inflexion  observed  by  Trotsch  as 

^^'idence  for  the  existence  of  a  complex  ion  in  solutions  of  cobalt 

Aloride. 

According  to  the  views  here  put  forward,  the  conductivity-tempeni- 
^^re  curves  are  all  inflected.  In  the  case  of  the  acids,  which  owe  their 
conducting  power  entirely  to  the  action  of  the  sdvent,  the  inflexion 

•  '  Loit^ermugen  der  Elektrolyto/  pp.  llG-123  and  195-109. 
+  *  Ann.  Phys.  Chem.,*  1890  [iii],  vol.  41,  pp.  2o9-2s7. 
J  'Jour.  ChVm.  Soc.,'  vol.  81,  p.  953,  August,  1902. 
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lies  below  0° ;  in  the  case  of  the  alkaliea  our  own  experimenta  have 
shown  that  the  curves^  which  have  usually  l>eeii  represented  as 
straight  lines  or  flitt  parabolas,  all  exhibit  i!iflexions»  in  the  case  of  tbe 
alkahea,  Li  OH,  NaOH  and  KOH  at  about  40\  and  in  the  case  of  the 
alkaline  earths^  Ca(OH)^,  Sr(OH)o  and  Ba(0Hj2,  at  about  25' ;  in  the 
case  of  the  less  highly  ionised  stilts,  such  as  magnesium  sulphate,  the 
inflexion  also  lies  below  100'',  but  in  the  case  of  salts  such  as  potassium 
chloritle,  which  have  a  high  coefficient  of  ioniaation  in  solution  and  are 
also  electrolytes /wr  at  m  the  fused  state,  the  inflesdon  lies  above  the 
boiling-point  of  the  BolutioiL] 
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iBMsored  dilation  of  the  culture  (in  the  case  of  an  ordinary  bacterial 
edture,  dilations  of  1,000,000  fold  to  10,000,000  fold  are  appropriate), 
ind,  secondly,  the  transference — with  a 
vww  to  the  subsequent  enumeration  of 
the  colonies  which  develop — of  a  series 
of  measured  volumes  of  the  diluted  cul- 
ture to  the  surface  of  a  solid  nutrient 
medium. 

The  processes  of  diluting  and  measur- 
mg  off  the  desired  volumes  of  diluted 
c^ilture  can  be  conveniently  and  unlabo- 
noiidy  carried  out  by  means  of  the  dilut- 
ing pipette  figured  below.     (Fig.  1). 

(1.)  Method  of  making  and  calihraHng  ilie.        "  ^ 
''Diluting  Pipette." 

(<i.)  A  piece  of  glass  tubing  about 
15  cm.  long  is  drawn  out  at  one  end  into 
*  capillary  stem. 

(^.)  A  standard  5-cm.  pipette  is  fitted 
^th  a  rubber  teat,*  and  is  then  filled  in 
^P  to  the  calibration  mark  with  mer- 
cury. The  5  cm.  of  mercury  is  now  trans-  f 
ferred  from  the  capillary  pipette  to  the 
*ide  end  of  the  glass  tube,  and  is  made 
to  enter  the  upper  portion  of  the  capillary  stem. 

(''")  When  this  has  been  effected,  the  points  corresponding  to  the 
^Pper  and  lower  ends  of  the  mercury  column  are  marked  oft*  on  the 
outside  of  the  capillary  stem  with  a  coloured  pencil,  preferably  one  of 
^^6  oil  pencils  sold  for  writing  on  glass. 

R)  The  mercury  column  is  now  displaced  downwards  until  the 
^Pper  end  of  the  column  stands  opposite  the  lower  of  the  calibration 
^^^ka.    This  point  is  again  marked  off"  with  the  coloured  pencil. 

(*•)  By  a  similar  procedure,  three  more  marks  indicating  divisions 
^  «iinilar  value  are  placed  on  the  outside  of  the  capillary  stem. 

(/•)  This  done,  the  tube  is  filed  and  broken  oflf  at  the  lowest  mark. 

(^•)  It  will  now  be  convenient  to  divide  the  lowest  5-cm.  division 
^^  two  divisions  of  2*5  cm.  This  can  be  conveniently  effected  by  the 
Mowing  method  of  trial  and  error  : — Mercury  is  drawn  up  into  the 
t^oe  until  the  upper  limit  of  the  column  of  metal  stands  as  nearly  as 
'  P^ble  midway  between  the  orifice  and  the  first  5-cm.  division  mark. 
^6  point  corresponding  to  the  proximal  end  of  the  mercury  column 
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*  A  mechanicsllj  controlled  teat,  such  as  that  made  bj  Mr.  A.  E.  Deau,  '^wti.^ 
f3,  flatton  Garden,  E.C.,  is  a  conyenicnt  form  to  employ  for  this  puxpose. 
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may  now  he  tentatirelj  indicated  on  the  outside  of  the  capillary  stem  hy 
a  light  pencil  mark.  This  done,  the  column  of  mercury  is  displiiei»d 
until  its  proximal  end  stands  level  with  the  5-cm.  di\Haion  mark.  If 
the  distal  end  of  the  mercury  column  noiv  coinciflcs  with  the  tentative 
subdivision  mark,  this  last  gives  the  doj^^ired  2'5'Cm.  division.  If  it 
does  not  coincide,  the  desired  point  will  l>e  sitimted  half-way  between 
the  point  now  indicated  by  the  proximal  extremity  of  the  raerciu'y 
column  and  the  point  indicated  by  the  original  trial  subdivision 
mark. 

(h, )  ^\Tiat  has  been  achieved  up  to  this  point  is  a  graduation  of  the 
capillary  stem  into  five  divisions  of  5  cm,,  and  a  subdivision  of  th& 
first  of  these  into  two  2  5-cm.  divisions.  A  further  process  of  gradua- 
tion in  terms  of  25  cm.  is  now  taken  in  hand,  with  a  view  to  finding 
the  points  corresponding  respectively  to  225  and  250  cm, 

{i, }  For  this  purpose  a  nibber  teat  is  plaeed  upon  the  upper  end  of 
the  tube,  and  a  negative  pressure  having  been  establish ed»  the  capillary 
stem  h  filled  up  to  the  25-cm.  mark  with  mercury,  water,  or  a  coloured 
fluid*  It  is  then  filled  in  succession  with  eight  further  25-cni.  volumes, 
the  25'Cm.  volumes  Ijeing  in  each  case  spaced  off  from  each  other  by  a 
bulible  of  air.     After  these  air  bubbles  have  risen  to  the  surface  in  the 
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A  ten-fold  diluiion  of  the  culture — the  dilution  which  is  perhaps 

most  often  required — is  made  by  taking  first  25  cm.  of  the  culture, 

and  then,  after  the  interposition  of  an  air  bubble,  filling  up  to  the 

250-cm.  mark  with  sterile  broth.      It  can  also,  and  this  avoids  any 

contamination  of  the  sterile  diluting  fluid,  be  made  by  filling  up  first 

with  225  cm.  of  the  broth,  and  completing  up  to  the  250-cm.  mark  with 

the  culture. 

A  sixfold  dilution,  should  such  be  required,  would  be  obtained  by 
filling  in  to  the  250-cm.  mark  with  sterile  broth,  and  then  completing 
with  two  volumes  of  culture,  these  last  being  isolated  as  before  by 
ill  tcrvening  air  bubbles. 

^fivefold  dilution  is  obtained  by  filling  in  with  two  separate  2r)-cm. 
volumes  of  the  culture,  and  completing  up  to  the  250-cm.  mark  with 
fit;  orile  broth. 

-A  ttpo  and  a  halffold  dilution  would  be  obtained  by  filling  in  with 
foixr  separate  volumes  of  25  cm.,  and  completing  up  to  the  250-cm. 
n^J^rk  with  sterile  broth. 

Dilutions  of  a  different  order  can  be  obtained  by  filling  in  the 
pi  J>ette  as  occasions  may  require  with  2*5  or  5  cm.  of  culture,  and  then 
c^^rnpleting  to  250  cm.  with  sterile  broth.  By  this  means  dilutions  of 
1    in  100  and  1  in  50  respectively  can  be  obtained  uiw  saltu, 

By  a  series  of  successive  dilutions,  made  in  each  case  after  washing 
^'^i-t;  the  pipette  with  boiling  sterile  water,  any  desired  attenuation  of 
tlto  culture  can  be  quickly  arrived  at.  The  dilution  of  1  in  1,000,000 
^^c^inarily  required  for  the  purposes  of  enumeration  will  be  obtained 
'^y^   three  successive  dilutions  of  1  in  100. 


( ^3.)  Metlwd  of  Eliciting  ilie  Number  of  Micro-orgiuiisms  contained  in  the 

Dilated  Culture. 

The  required  dilution  of,  let  us  say,  1  in  1,000,000  having  been 
P  -  ^^pared,  the  pipette  would,  after  sterilisation  in  boiling  sterile  water, 
^^  filled  in  with,  say,  three  successive  10  cm.  volumes  of  the  diluted 
*^^  ^  1  ture.  A  corresponding  number  of  agar  tubes  having  been  taken  in 
'^  •-^d,  the  three  10  cm.  volumes  of  diluted  culture  would  be  separately 
*-^u8f erred  to  the  surface  of  the  nutrient  medium,  care  being  taken  in 
^^^:i:h  case  to  spread  out  the  fluid  over  as  large  an  area  of  surface  as 
1^-^^ible. 

After  incubation,  the  number  of  bacteria  in  each  10  cm.  volumes  of 
^  *  I  uted  culture  would  be  deduced  from  the  numl)er  of  colonies  which 
^^velop  on  the  corresponding  agar  tube. 

After  averaging  the  number  of  bacteria  contained  in  the  three  tubes, 
i  ^ue  number  of  living  bacteria  contained  in  1  c.c.  of  the  original  culture 
Y       ^'ould  be  found  by  a  simple  arithmetical  process. 
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IL  rrocfdures  in  coujiediim  tcith  thf  actual  cmrtjiiig  mi  af  ihs 
Bacteriadtt!  EsiimaHorL 

In  conncetioa  with  the  actual  carrying  out  of  the  bactedcidal 
estimation^  we  have  to  consider  v — 

(L)  The  collection  of  the  sample  of  blood  for  examination. 

(2,)  The  preparation  of  a  graduated  series  of  dilutionB  of  the 
bacterial  culture, 

{3»)  The  apecial  form  of  capillary -tee  ting  pipette  required  for  the 
subaequent  procedures. 

(4.)  The  method  of  employing  the  teating  pipette  jtiat  mentioned , 
Le.j  the  method  of  mixing  a  series  of  measured  volumes  of  serum  vrith 
in  each  case  an  equal  volume  of  the  successive  bacterial  dtlutionsp  and 
the  method  of  determining  the  sterility  or  otherwise  of  the  mixtures^ 
after  the  senim  has  acted  upon  the  hactena  for  an  appropriate 
period* 

(L)  CoUsciwn  of  tJie  Sample  of  BloOfL 

The  quantity  of  blood  required  for  an  ordinary  baetericidal  estima- 
tion ueed  never  exceed  1  c.e**  Much  more  than  the  quantity 
requiretl  can,  in  the  case  of  man^  readily  be  obtMiued  by  driving  the 
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sufficient  blood  has  been  collected,  the  upper  portion  of  the  capsule  is 

gently  warmed  and  the  upper  orifice  is  then  immediately  sealed  up. 

-As  the  air,  which  has  been  rarefied  by  warming,  contracts,  the  blood 

M  drawn  up  into  the  body  of  the  capsule,  leaving  the  orifice  at  (B) 

£r^e  for  resealing.     After  the  capsule  has  cooled,  it  is  suspended  by 

2ZM.ean8  of  its  curved  arm  in  a  hand  centrifuge,  and  the  blood  is  driven 

ciown  by  a  few  turns  of  the  handle  into  a  previously  upper  half  of  the 

o^^psule.    It  is  now  left  at  rest  for  a  few  minutes.     When  the  serum 

t>^3gins  to  exude,  the  centrifuge  is  again  brought  into  action. 

When  the  estimation  is  to  be  taken  in  hand,  the  neck  of  the  curved 
l^'^^b  of  the  capsule  is  sterilised  in  the  flame  and  is  cut  across  with  a 
s-feotit  pair  of  bone  forceps,  which  has  been  sterilised  in  the  same 
oc^-«umer. 

Two  further  points  in  connection  with  sample  of  blood  may  appro- 
F^^^tely  be  considered.  The  first  of  these  relates  to  the  question  of 
*^1^«  necessity  for  aseptic  precautions  in  drawing  off  the  blood.  The 
*^cond  to  the  question  of  the  interval  which  may  elapse  between  the 
dx-awing  off  of  the  blood  and  the  bactericidal  estimation. 

The  blood  should  be  drawn  off  with  aseptic  precautions.  For  this 
F>*.>rpose  the  surface  of  the  finger  may  be  readily  and  effectually 
atcrilised  by  moistening  it  with  alcohol,  and  burning  this  off. 

Where  results  which  are  comparable  among  themselves  are  desired, 
t;lie  bactericidal  estimations  ought,  in  all  cases,  to  be  imdertaken 
^•^thin  a  very  few  hours  after  the  samples  of  blood  have  been  with- 
drawn. Where  samples  of  blood  are  tested  immediately  after  with- 
drawal, and  again  after  an  interval  of  24  hours,  it  is  usual  to  find  a 
notable  diminution  of  bactericidal  power  in  the  second  estimation. 

(2.)  Preparation  of  a  Series  of  Graduated  Diltdions  of  the 
Bacteiial  Culture, 

It  has  already  been  indicated,  but  it  will  be  well  at  this  point  clearly 

V^  ^Hng  out  the  fact,  that  in  the  method  of  bactericidal  estimation  here 

©Scribed,  a  series  of  measured  volumes  of  undiluted  serum  are  brought 

^Contact  with  a  series  of  graduated  dilutions  of  the  culture,  the 

^3ect  being  to  determine  what  is  the  lowest  dilution  of  the  culture 

^^h  which  a  complete  bactericidal  effect  is  exerted. 

T^e  graduated  dilutions  of  the  culture  which  are  required  for  this 
^^^^T)ose,  so  far  as  they  have  not  already  been  provided  by  the  procedure 
^^ertaken  in  connection  with  the  enumeration  of  the  bacterial  culture, 
^^^d,  at  this  stage,  be  prepared  by  the  aid  of  the  diluting  pipette.     I 
^^e  found  it  convenient  in  the  case  of  the  typhoid  bacillus  to  employ, 
^^  addition  to  the  undiluted  culture,  in  each  case  a  2  fold,  5  fold, 
10  fold,  25  fold,  50  fold,  100  fold,  1000  fold,  10,000  fold,  and  100,000 
/old  dilution. 
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The  dilutions  are  to  be  held  ready  for  use  in  a  series  of  covered 
sterile  watch-glasses. 

(3.)  Descjiption  of  tJie  Special  Form  of  Capillary  Testing  Pipette 
Employed  in  tJie  Connection  with  the  Method  of  Bactericidal  Estima- 
lion  here  descrUml, 

Fig.  4  shows  the  particular  form  of  capillary  testing  pipette  which 
has  been  found  most  suitable.  The  stem  A — it  will  be  noted 
Fia.  4.  ^^**'  ^*  ^^  provided  with  a  pencil  mark — serves  on  the  one 
hand  as  a  measuring  pipette  for  measuring  off  equivalent 
volumes  of  serum  and  bacterial  culture,  and  on  the  other 
hand  as  a  receptacle  for  the  combined  volumes  of  fluid  during 
the  period  allotted  to  the  action  of  the  serum  upon  the 
culture. 

The  bulb  B  functions,  in  the  first  stage  of  the  procedure 
described  below,  as  a  receptacle  for  the  sterile  broth  after- 
wards used  for  testing  the  continued  vitality  or  otherwise  of 
the  bacteria  which  have  been  exposed  to  the  influence  of  the 
serum.  In  the  second  part  of  the  procedure,  the  bulb  of  the 
pipette  comes  into  use  as  a  cultivation  chamber.  The  bulb 
may  conveniently  possess  a  capacity  of  about  1  c.c.  The 
spiral  C*  serves  to  prevent  any  access  of  contaminating 
bacteria  to  the  interior  of  the  bulb. 


(4.)  Method  of  Employing  tlie  Capillary  Testing  Pipettes. 

The    method   of    employing    the   testing  pipettes   is  as 
follows : — 

A  mark  with  the  coloured  oil  pencil  having  been  placed 

upon  the  capillary  stem  at  any  convenient  point,  say  at  a 

point  1 — 1*5  cm.  from  the  lower  end,  a  rubber  teat  is  fitted 

over  the  upper  end  of  the  tube. 

The  i)oint  of  the  capillary  stem  is  now  broken  oflF  between  finger 

and  thumb,  the  lower  portion  is  sterilised  in  the  flame,  and  the  air  is 

expelled  from  the  teat. 

Sterile  broth,  which  has  been  placed  ready  to  hand  in  a  covered 
•terile  watch-glass,  is  then  aspirated  into  the  pipette  until  the  bulb  is 
about  two-thirds  full. 

The  extremity  of  the  capillary  stem  is  now  withdrawn  from  the 

*  It  will  be  found  that  the  introduction  of  the  spiral  avoids  the  necessity  for  the 
troublesouie  plugging  of  tlie  tube  with  cotton  wool  and  the  subsequent  sterilisa- 
tion process.  The  very  simple  trick  of  hand  by  which  the  spiral  is  made  may  be 
readily  learned  by  imitating  the  motions  associated  with  the  making  of  a  similar 
^piraJ  upon  a  stiff  cord  or  a  very  pliable  wire. 
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broth,  and  the  column  of  fluid  which  occupies  it  is  allowed  to  run  up 
very  gently,  so  as  to  avoid  any  back  lash,  into  the  bulb.  The  inflow 
of  air  is  arrested  as  soon  as  the  capillary  stem  is  empty  of  fluid. 


(a.)  Method  of  Measunntj  off  and  Mixing  together  equal  Volumes  of 
Serum  and  Bacterial  Cultures, 

The  end  of  the  capillary  stem  is  now  inserted  into  the  narrow  open 
^id  of  the  blood  capsule,  which  has  been  placed  ready  to  hand  in  a 
perforated  rubber  bung  or  other  convenient  receptacle.  The  serum  is 
allowed  to  flow  in  until  it  reaches  the  pencil  mark. 

The  orifice  of  the  pipette  is  now  raised  above  the  surface  of  the 
«erum,  and  a  bubble  of  air  is  admitted  into  the  tube  to  serve  as  an 
>^>^ciex  for  the  next  measurement. 

This  done,  the  end  of  the  capillary  stem  is  carried  over  into  a 
^'^^tch-glass  containing  the  particular  dilution  of  the  culture  which  is 
*^o  be  dealt  with  in  this  particular  tube.  The  culture  is  allowed  to 
^ow  in  until  the  bubble  of  air  has  just  been  carried  past  the  pencil 
^^c^*irk. 

The  next  procedure  is  to  mix  together  the  equal  volumes  of  serum 
^»xd  culture  which  have  been  measured  ofl".  This  is  effected  by  l>low- 
■^^^  these  two  volumes  out  upon  the  siu-face  of  a  sterile  watch-glass — 
^  j)ile  of  inverted  sterile  watch-glasses  will  for  this  purpose  have  been 
F^l-»ced  ready  to  hand — and  drawing  up  and  driving  out  the  fluid 
^^^eral  times  in  succession.  After  a  little  practice*  this  can  be  quite 
^^Lfiily  achieved  without  driving  the  sterile  broth  down  from  the  bulb 
"^^  the  pipette  into  the  lower  part  of  the  capillary  stem  and  there  con- 
^^**-xiinating  it. 

The  column  of  mixed  serum  and  culture  is  to  be  drawn  up  into  the 
t>cxidclle  region  of  the  capillary  stem  as  a  preliminary  to  sealing  the 
^o^ver  end  of  the  tube.  It  will  be  found  that  when  the  column  is  left 
^*^  this  position,  the  intervening  column  of  air  which  occupies  the 
^I>per  portion  of  the  capillary  tube  will  effectually  isolate  the  fluid  in 
tlic  bulb  of  the  pipette  for  the  mixture  of  serum  and  culture. 

The  teat  is  now  removed,  leaving  the  spiral  to  guard  the  contents 

^^  the  tube  against  contamination,  and  the  filling  of  the  series  of 

^^les  with  the  remaining  dilutions  of  the  culture  is  proceeded  with. 

^^en  the  whole  series  of  tubes  has  been  filled  in,  these  are  placed 

^PHght  in  a  test  tube  labelled  with  the  date  and  the  source  of  the 

^etum.      The  serum  is  then  allowed  to  exert  its  influence  on  the 

*^teria  with  which  it  has  been  l)rought  in  contact  for  a  fixed  period 

**  a  fixed  temperature. 

Until  practioe  shall  hare  conferred  sufficient  conirjl  oTer  the  teat,  it  will  be 
»"^u»ble  either  to  employ  very  fine  capillary  tubes  or  to  provide  a  by-channel  for 
^•lir  by  piercing  the  teat  with  u  spicule  of  an  extremely  fine  capiAaxy  t\x\>e. 
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I  have  found  it  convenient  to  allow  the  serum  to  remain  in  con 
with  the  culture  for  a  period  of  18  to  24  hours  at  37'  C. 


(b.)  Method  of  Testing  the  Continued  VUality  or  otherwise  of  the  Baci 
which  liave  been  in  Contact  vdth  the  Serum. 

The  sterile  broth  which  has  been  filled  into  the  capillary  pip 
furnishes,  as  we  have  seen,  the  means  for  determining  whether 
bacteria  which  have  been  brought  in  contact  with  the  serum  hav< 
have  not  retained  their  vitality.  If  the  serum  has  failed  to  kill 
bacteria,  this  will  be  evidenced  by  the  development  of  turbidity  in 
broth  which  will  follow  upon  the  aspiration  of  the  column  of  fluic 
the  capillary  stem  into  the  bulb  of  the  pipette.  If,  on  the  other  hi 
the  serum  has  killed  all  the  bacteria  with  which  it  has  been  mL 
the  nutrient  broth  will,  under  the  circumstances,  remain  clear. 

The  steps  of  the  procedure  are  as  follows : — 

The  tubes  having  been  taken  in  hand  singly,  the  lower  portion  of 
capillary  stem  is  in  each  case  drawn  out,  and  after  heating  in  a  p 
flame,  into  the  finest  possible  filiform  tube. 

A  condition  of  negative  pressure  is  now  established  in  the  inte 
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results  of  bacterial  enumerations  carried  out  at  a  series  of  successive 
intervals  upon  one  and  the  same  mixture  of  serum  and  culture.  The 
fallacy  just  referred  to  comes  in  in  connection  with  the  circumstance 
that  all  evidence  of  a  bactericidal  effect  exerted  will  be  obliter- 
ated if  the  intervals  between  the  successive  enumerations  happen 
to  be  such  as  to  allow  of  the  covering  up  of  losses  due  to  the  bacteri- 
cidal action  of  the  serum  by  a  subsequent  multiplication  of  the 
surviving  micro-organisms. 

A  further  point  which  has  been  kept  in  view  in  designing  the  above 
method,  is  the  importance  of  obtaining  a  simple  numerical  expression 
for  the  bactericidal  power  of  the  blood. 

Such  a  simple  numerical  expression  is  obtained  by  specifying  the 
dumber  of  bacteria  contained  in  1  c.c.  of  the  lowest  dilution  of  the 
l^acterial  culture  which  is  completely  sterilised  by  digestion  with  an 
^iial  volume  of  serum. 

^Vhile  a  convenient  basis  for  the  comparison  of  the  bactericidal 
Po^er  of  a  series  of  different  bloods  is  thus  provided,  it  must  be  under- 
stood that  the  expression  just  referred  to  is  nothing  more  than  an 
^I'bitrary  formula  expressing  the  bactericidal  effect  of  the  serum 
^t'ought  into  application  in  the  form  of  a  50  per  cent,  solution. 

If  it  is  desired  in  any  case  to  determine  the  bactericidal  effect  exerted 
^y  the  serum  in  a  practically  imdiluted  condition,  this  can  readily  be 
thieved  by  making  a  graduated  series  of  dilutions  of  the  enumerated 
culture,  using  the  serum  itself  as  a  diluent. 

In  concluding  this  section  it  will  perhaps  not  be  amiss  to  point  out 
^hat  the  method  of  bactericidal  estimation  here  described  may  be 
©niployed  not  only  for  determining  the  bactericidal  power  of  the  blood, 
*^Ut  also  for  determining  that  of  any  chemical  antiseptic. 

^^UmnoN  II. — Method  of  Measuring  the  Bactericidal  Power  of  the  Blood 
under  Anaerobic  Coiulituyiis. 

The  method  of  measuring  the  bactericidal  power  of  the  blood  under 
^*Xaerobic  conditions  which  is  here  to  be  described,  is  similar  to  the 
**^^thod  described  in  the  previous  section,  except  in  so  far  as  the 
^^^ohnique  is  modified  with  a  view  to  excluding  the  air  from  contact 
"^^th  the  blood. 

-Access  of  air  is  prevented  by  enveloping  the  blood  in  oil. 

It  is  essential  that  this  oil  should  be  absolutely  neutral,  first,  because 

^*^©  presence  of  fatty  acid  might  affect  the  bactericidal  power  of  the 

^^'^m  by  diminishing  its  alkalinity  and  by  precipitating  its  calcium 

^Its,  and,  secondly,  because  an  oil  containing  fatty  acids  is  emulsified 

^Vien  it  is  brought  in  contact  with  serum,  nutrient  broth,  and  alkaline 

Quids  generally.     Such  an  emulsification  would   interfere  with  that 

'barp  separation  of  the  oil  from  the  enclosed  fluids  whic\\  ia  abao\\xXQ\^ 
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essential    to    the  proper  carrying  out  of  the  technique    desc 
below. 

It  will  be  well,  therefore,  to  commence  by  describing  the  nn 
adopted  for  the  preparation  of  a  fatty  acid-free  oil. 


Method  adopUd  for  obtaining  a  Fatty  acid-free  Oil. 

The  method  I  have  employed  is  a  modification  of  that  whicl 
employed  by  the  late  Prof.  E.  Kiilz  for  obtaining  a  fatty  acid-fn 
for  experiments  in  connection  with  pancreatic  digestion. 

The  procedure  will  perhaps  be  most  clearly  described  by  det 
an  actual  experiment. 

300  c.c.  of  a  cheap  variety  of  table  oil  (cotton  oil  1)*  was  intro< 
into  a  litre  flask  along  with  150  c.c.  of  half  saturated  barium  h}? 
solution.     These  fluids  were  digested  together  at  60°  C.  on  a 
bath  for  three  hours,  the  contents  of  the  flask  being  well  shak< 
at  intervals. 

After  this  time  the  contents  had  separated  into  three  layei 
upper  layer  of  more  or  less  clear  oil,  a  middle  layer,  about  half  ai 
deep,  of  barium  soaps,  and  a  lower  layer  of  bariiun  hydrate  solut 
drop  of  the  superriataiit  oil  was  now  tested  hv  ahakintj 
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bottle  and  is  kept  sheltered  from  light.  Before  it  is  employed  for  the 
purposes  described  below,  it  is  sterilised  by  heating  to  140''  C.  in  a  test- 
tobe,  and  is  each  time  re-tested  by  shaking  up  with  the  dilute  sodium 
carbonate  solution. 

Procedure  adopted  far  obtaining  from  the  Finger  a  Sample  of  Blood  withmit 
allowing  this  to  come  in  contact  icith  the  External  Air. 

A  receptacle  for  the  blood  is  first  provided  by  drawing  out  a  test- 
tube  to  form  such  a  "  thimble  "  as  is  represented  in  fig.  5  (p.  66). 

The  thimble  is  filled  in  with  sterilised  fatty  acid-free  oil,  and  is 
covered  in  with  a  sterilised  cover  glass. 

The  ulnar  aspect  of  a  finger — preferably  of  the  little  finger  of  the 
fef  t  hand — is  now  sterilised  by  flaming  alcohol.  It  is  then  punctured 
in  two  or  three  adjacent  points  by  a  fine  spicule  of  glass.  A  clean 
handkerchief  is  wound  round  the  digit,  the  tip  of  this  last  is  immersed 
into  the  oil,  and  pressure  is  applied  to  the  finger  pulp.  The  blood  as 
it  emerges  descends  through  the  oil  in  the  form  of  large  globules. 

AVhen  pressure  on  the  pulp  ceases  to  yield  blood,  the  finger  is 
ttiomentarily  removed  from  the  oil,  the  handkerchief  is  loosened  and 
re-applied,  the  finger  is  re-immersed  into  the  oil,  and  pressure  is  again 
niade  on  the  finger  pulp. 

^'hen  a  sufficiency  of  blood  has  been  collected,  a  sterilised  rubber 
test-tube  cap  is  drawn  over  the  thimble.  This  last  is  then  placed  in  a 
hand-centrifuge,  and  the  blood  is,  by  a  few  turns  of  the  handle,  driven 
down  to  the  lower  narrow  end  of  the  tube. 

After  allowing  an  interval  of  10  minutes  to  elapse,  the  centrifugalio;i- 
tion  of  the  coagulated  blood — the  blood,  it  may  be  noted,  invariably 
coagulates* — is  taken  in  hand.  The  contents  of  the  thimble  will  now 
arrange  themselves  into  an  upper  layer  of  oil,  a  middle  layer  of  clear 
serum,  and  a  lower  layer  of  blood  corpuscles. 

^Vith  a  view  to  ensuring  the  asepticity  of  the  further  procedure, 
the  serum  may  now  with  advantage  be  separated  from  the  oil  in  the 
thimble,  which  has  been  exposed  to  some  risk  of  aerial  contaminatioii. 

^^ocedure  for  the  Separation  of  the  Serum  from  the  Oil  in  tlie  Thimble 

"^e  procedure  is  as  follows  : — 

^  series  of  three  or  four  tubes,  fig.  6,  which  are  to  function 
'^^ctively  as  receiving  and  mixing  tubes,  are  flamed,  filled  in  with 
'^nligej  oil,  horizontally  inclined,  and  placed  ready  to  hand.  A 
^^pUlary  testing  pipette,  similar  to  that  figured  {^g.  4)  and  described 

(Added  note.)  Tlie  common  text-book  btatement  that  coagulation  is  sus- 
P*^^^  when  blood  \b  collected  under  oil  is,  it  may  bo  presumed,  based  on  exp-ri- 
iwnti  undertaken  with  oil  containincr  free  fatty  acirls.  A  decalcification  of  the 
biood  might  under  such  circumstances  result. 


CO 
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11  the  first  section  of  this  paper,  is  fitted  with  a  ruhber  teat  ;  sterile 
oil  is  now  iispirated  into  the  pipatte  to  replace  the  air  in  the  capillary 
stem  and  the  lower  part  of  the  bulb.  When  this  replacement  has 
been  effected,  the  tip  of  the  pipette  is  thrust  down  through  the  oil 
contained  in  the  thimble  into  the  layer  of  serum,  and  tbis  last  is 
aspirated  into  the  pipette.     When  this  has  been  accomplished,  a  little 
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earned  across  to  the  vessel  which  contains  the  cultiire,  and  is  filled  in 
vith  this  last  ap  to  the  mark  on  the  capillary  stem. 

Mixture  of  the  serum  and  culture  can  now  be  effected  either  (a)  in 
the  pipette  itself,  or — and  I  owe  this  suggestion  to  my  colleague,  Major 
W.  B.  Leishman,  R. A.M.C., — (b)  in  a  mixing  tube  such  as  is  shown  in 
%6. 

In  the  former  case,  oil  in  sufficient  quantity  to  seal  the  lower  end  of 
the  column  of  fluid  is  aspirated  into  the  pipette,  after  the  volumes  of 
serum  and  culture  have  been  measured  in  in  the  manner  described. 
The  contents  of  this  tube  are  then  cautiously  drawn  upwards  until  the 
vails  of  the  capillary  stem  fall  away  sufficiently  to  liberate  the  index 
globule  of  oil.  This  obstacle  having  been  got  rid  of,  a  series  of  upwards 
and  downwards  displacements  of  the  combined  column  of  fluid  will 
hring  about  the  desired  mixture. 

In  the  case  where  a  mixing  tube  is  employed,  the  extremity  of  the 
capillary  pipette  is  carried  down  to  the  floor  of  the  mixing  tube,  and 
the  contents  are  driven  out  under  the  covering  seal  of  oil.  They  are 
then  intermixed  by  alternately  drawing  them  in  and  driving  them  out 
<>f  the  capillary  stem,  care  being  taken  that  the  pipette  is  never 
emptied  of  oil.  Lastly,  the  mixed  fluids  are  carefully  and  completely 
feaspirated  from  the  floor  of  the  narrowed  end  of  the  tube,  the  inflow 
oeing  in  each  case  allowed  to  continue  until  a  sufficient  seal  of  oil  has 
"^n  carried  in  behind  the  mixture  of  serum  and  culture.  As  soon  as 
^his  has  taken  place,  the  point  of  the  pipette  is  withdrawn  from  the 
^j|i  and  air  is  allowed  to  enter  and  occupy  the  lower  third  of  the  stem, 
finally,  the  orifice  is  sealed  in  the  flame. 

In  filling  in  a  succession  of  capillary  pipettes  from  one  and  the  same 
fixing  tube,  it  will,  as  consideration  will  show,  be  advantageous  to 
"*gin  with  the  highest  dilution,  and  to  follow  on  in  order  with  the 
^owq^  dilutions. 

-'^^ocedure  for  determining  the  Badericidul  Effect  exerted  by  the  Serum  in 
the  absence  of  Air, 

The  process  of  filling  in  the  bulb  of  the  capillary  pipette  with  sterile 

^^rient  broth — a  process  which  is,  in  the  case  of  the  ordinary  aerobic 

"  ^^edure  described  in  the  previous  section,  undertaken  as  a  first  step 

^he  filling  in  of  the  pipette — is,  in  the  case  of  the  anaerobic  pro- 

^^re,  undertaken  as  the  final  procedure  after  the  serum  and  the 

^*ture  have  been  in  contact  for  the  desired  period. 

^^  is  carried  out  in  the  following  way  : — 

^terile  nutrient  broth  having  been  placed  ready  in  a  covered  watch- 
^*^  the  capillary  pipette  which  contains  the  highest  dilution  of  the 
^ture  is  taken  in  hand.  A  negative  pressure  having  been  established 
^  its  interior  by  fitting  on  a  collapsed  rubber  teat,  the  lower  porUou 
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of  tho  stem  is  passed  through  the  flame  of  a  peep-light  in  such  a 
as  to  heat  it  without  allowing  it  to  fuse  and  to  collapse  undei 
influence  of  the  internal  negative  pressure.  The  sterilised  extre 
is  now  snapped  ofl"  by  plunging  it  while  still  hot  into  the  nut 
broth.  The  inflow  which  takes  place  through  the  orifice  thus 
vided  is  arrested  by  the  pressure  of  the  finger  and  thumb  upo] 
teat  as  soon  as  the  cultivation  chamber  is  about  two-thirds  full. 

The  sealing  up  of  the  tube  and  the  subsequent  cultivations 
carried  out  in  exactly  the  same  manner  as  in  the  case  of  the  ordi] 
(aerobic)  estimation  described  in  Section  I. 


Section  III. — On  the  Bndencidal  Effeds  produced  by  om  and  the  I 
Human  Blood  (a)  Drawn  off  and  Tested  by  the  Aerotnc  Proca 
described  in  Section  I ;  and  (b)  Dravm  off  and  Tested  by  the  Anae^ 

Procedure  described  in  Section  IT. 

i 

In  view  of  the  fundamental  theoretical  importance  which  attach^ 
the  assumption  that  tho  bactericidal  power  of  the  blood  is  acqu 
only  after  withdrawal  from  the  organism,  and,  in  particular,  afteiji 
disintegration  of  the  leucocytes  imder  the  influence  of  air  and  con 
with   the   wall   of    unoiled   or   unparaffined    receptacles,    it    see 


ed  in  Section  I ;  am 


illed  in  with  — 
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e,      containing 
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**The  Colour-phyeiology  of  Higher  Crustacea."  By  Fkedkricr 
Keeble,  M.A.,  Beading  College,  Eeading,  and  F.  W.  Gamble, 
D.Sc.,  Owens  College,  Manchester.  Communicated  by  Pro- 
fessor S.  J.  HiCKSON,  F.R.S.     Received  July  16,  1902. 

(Abstract.) 

The  following  statement  is  a  condensed  summary  of  the  results  of  a 
research  into  the  form  and  physiology  of  the  pigment-bearing  organs 
(ehromatophores)  of  certain  Schizopod  and  Decapod  Crustacea  with 
especial  reference  to  the  effect  of  light  on  these  organs  and  on  these 
animals.  The  evidence  for  the  statement  will  appear  in  a  full  and 
IDustrated  form  in  the  "Philosophical  Transactions."  The  Grant 
Committee  of  the  Royal  Society  allotted  £25  for  this  research. 

A.  The  Influence  of  Light 

1.  Under  the  influence  of  light  the  secretory  activity  of  certain 
organs  is  modified:  an  acid  substance  appears  periodically  in  the 
"  liver "  and  muscle :  the  appearance  and  disappearance  of  acid  sub- 
stance in  liver  and  muscle  coincides  broadly  with  nocturnal  and  diurnal 
colour-change. 

2.  In  the  progressive  movements  and  orientations  of  the  whole 
animal  called  forth  by  light,  background  is  the  most  important  factor : 
more  powerful  than  change  of  light-intensity.  By  change  of  back- 
ground, black  to  white,  the  direction  of  a  light-induced  movement 
may  be  reversed. 

3.  The  response  of  the  chromatophore-pigments  to  light  is  two-fold  : 
direct ;  and  indirect,  through  the  mediation  of  the  eye.  The  indirect 
response  alone  leads  to  an  enduring  redistribution  of  pigment. 

4.  The  ultimate  effect  of  monochromatic  light  on  pigment-movement 
is  the  same  as  that  of  white  light.  As  with  the  latter,  so  with  mono- 
ehromatic  light,  background — white  (scattering),  black  (absorbing), 
mirror  (reflecting) — determines  the  nature  and  extent  of  the  pigment- 
movements.  In  describing  an  effect  of  light,  that  light  must  be  con- 
sidered in  combination  with  its  background.  Neglect  to  do  this  must 
lead  to  erroneous  conclusions. 

5.  **  Reaction  to  background  "  is  traceable  to  the  eye,  and  is  probably 
a  consequence  of  an  asymetrical  distribution  of  retinal  pigment  brought 
about  not  by  changes  in  the  amount  of  light  falling  on  the  eye,  so 
much  as  by  changes  in  the  way  in  which  light  falls  on  the  eye. 

B.  The  R61e  of  Pigments. 

6.  The  phenomena  presented  by  the  pigments  are  not  exhaustively 
explained  by  any  "  protective  "  hypothesis. 
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TiiG  chroTnatopliores  are  centres  of  metabolic  activity,  aud  from  them 
iioctiirn«al  translocation  of  a  Ijlue  aubsUince  takes  place.  There  is 
lvi<lent.e  that  this  blue  aul /stance  is  produced  from,  and  at  the  expense 
If,  the  di  urn  ill  chromatophore-pignients.  The  blue  substance  passes 
■mm  the  chromatophore-ccntres,  persists  for  a  time  in  the  body,  and 
[itiiuately  disappears. 

C.  MifrphuliMjij, 

7.  The  chroniatophore-aysteni  of  Mysidean  Schizopods  is  bidlt  upon 
common  plan^  of   which  the  various   genera   and   species   present 

leve rally  a  constant  modification.     This  system  we  call  the  primary 
Ihromatophore-syatem.     To  it  the  colour-pattern  is  due. 

8.  Decapod  Crustacea  possessea  a  primary  and  a  secondiiry  system 
Jf  I'hromatopborea.  The  primary  system  appears  in  the  embryo,  is 
lomploted  in  the  *'  Mf/si^-stRge"  and  persists  tbroughout  life,  but  takes 
Ilo  part  in  colour-pattern. 

The  secondary  system  arises  in  an  early  stage  of  development, 
1  creases  in  extent  throughout  life,  and  produces  the  coloiu'-pat terns  of 
|he  adolescent  and  adult. 

0.  The  chromatophores  of  the  primary  system  are  profusely 
Iranched,   few   in    numbers,   seffmentally  arranged   and   centralised 
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14.  The  adult  colour-pattei*n  of  Hippohjte  rnuirhii  is  constiiiit,  but 
developB  indirectly.  The  adolescent  possesses  a  special  colour-pattern 
developed  in  large  measure  in  relation  with  the  primary  system  of 
the  zoea.  Both  persist  though  concealed  hy  the  independently  de- 
veloped adult  pattern. 

15.  In  Uippolyte  varuin.%  several  adult  colour-patterns  occur.  They 
develop  indirectly.     The  primary -system  is  the  same  in  all. 

In  the  adolescent,  three  distinct  colour-patterns  arise : — "  baiTcd,*' 
"  liner,"  and  "  monochrome." 

These  may  persist,  becoming  barred,  liner,  or  monochrome  adults. 

Or  either  "  l>arred  "  or  "  liner  "  may,  by  developing  superficial  or 
deep  chromatophores,  become  a  monochrome. 

Or,  by  localised  superficial  developments  either  "  barred  "  or  "  liner  " 
may  give  rise  to  a  "  blotched  "  adult  colour-form,  under  which  the 
adolescent  pattern  is  hidden. 

The  primary  system  is  inherited :  the  adolescent  coloiu*-pattern8  are 
possibly  inherited ;  but  inheritance  is  immaterial  since  the  final  goal  is 
reached  by  any  adolescent  road ;  that  is,  the  adult  colour-pjittern  of 
Hippdyte  variana^  is  the  result  of  environment. 


*  Observations  on  '  Flicker '  in  Binocular  Vision."  By  C.  S. 
Sherrington,  M.A.,  M.D.,  F.R.S.  (Thompson- Yates  Libo- 
i-atory  of  Physiology,  University  College,  Liverpool).  IJe- 
ceived  July  30, 1902. 

The  connection  between  the  physiological  state  and  reactions  of  the 
two  retinae  right  and  left  is  close  in  many  respects ;  this  is  true 
particularly  and  peculiarly  for  their  areas  that  are  conjugate  in 
Wnocular  vision,  that  is,  which  receive  corresponding  images  of 
oljjects  perceived  in  the  binocular  field.  The  observations  at  basis  of 
^^e  following  communication  attempt  to  obtain  further  information 
^rding  the  nature  of  the  tie  between  these  retinal  so-called  "  identical 
*P^t8."  A  practical  aim  was  to  measure  by  the  "  flicker  "  method  of 
Photometry  any  difference  of  physiological  luminosity  existent  between 
'binocular  and  uniocular  vision  of  a  given  illuminated  object. 

^  object  intermittently  illuminated  gives,  if  the  frequency  of 
^t^nnission  be  suflBcient,  a  perfectly  steady  sensation.  The  succes- 
^^fi  retino-cerebral  reactions  fuze  into  a  continuous  one  us  judged  of 
"7  sensation.  If  the  rapidity  of  intermission  be  less  than  the  requisite, 
we  sensation  oscillates  through  lighter  and  darker  phases.  The  transi- 
tion from  the  oscillating  to  the  steady  sensiition  and  rvr  i>r.<i't  is 
jaffidently  abrupt  to  form  a  transition  point  capable  of  fairly  v\eV\\\\X.ii 
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/ixatioii  it)  time.     It  hm  been  used  in  this  enquiry  as  an  tndfix  for 

noting  the  influence  of  the  physiological  st^itc  of  a  spot  in  one  retina 
upon  that  of  the  "'  identical  "  spot  in  the  other  retina,  A  second  index 
taken  has  been  the  visual  "  brightnesa  ^^  of  the  perceived  image. 

For  the  observations  desired,  it  was  considered  important  that 
extinction  and  re-ilhimination  of  the  image  occur  pi^i  paMU  in  the  tivo 
eyes,  i,^,,  with  like  speed,  along  a  lik^  direction  in  the  retinal  surface, 
and  at  *'  uientieal  spots."  It  seemed  also  important  to  maintain  per- 
ceptual singleness  of  the  c^bject  seen,  thiLs  placing  the  **  identical 
spots  "  in  ilie  moat  favrmrable  condition  for  their  co-opertitive  identity. 
For  this  reason  a  steady  and  considerable  degree  of  *'  convergence " 
of  the  visual  axes  Wiis  nuide  one  condition  of  the  observiitions.  Tlia 
degree  of  iomi  ^AceommodHtion  of  the  eyes  was  arruttged  to  correspond 
with  the  amount  of  convergence.  Variations  in  the  aperture  of  thft 
pupil  were  excluded  by  wearing  fimall  artificial  pupils. 

The  illuminated  object  was  arranged  as  follows.  A  small  double 
sheet  of  thick  **  milk  "  glass  wiig  illuminate<:l  by  a  candle-shaped,  single- 
loop,  incandescent  electric  lamp,  with  frosted  glass  fro*it.  The  lamp 
wa^i  fed  at  rather  al>ove  its  intended  voltage  by  accumulators  unused 
dining  the  experiment  for  any  other  purpose  than  the  lighting  of  the 
lamn.     The  lamp  was  sot  in  the  axis  of  a  rotating  cvlinder.     In  this 
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The  epindle  of  the  revolving  cylindrical  screen  carried  a  step-pnllcy. 
From  tbis  a  cord  ran  to  a  step-pulley  fixed  on  the  spindle  of  a  small 
electromotor.  The  speed  of  running  of  this  motor  was  controlled  by 
a  set  of  coil  resistances,  which  formed  a  coarse  adjustment,  and  by  a 
fluid  resistance  in  a  trough  1  metre  long,  with  a  sliding  electrode ;  this 
formed  a  fine  adjustment.  The  speed  of  rotation  of  the  cylindrical 
screen  was  recorded  by  marking  the  completion  of  each  revolution  of 
the  spindle  carrying  the  screen  by  an  electro-magnetic  signal  writing  on 
a  travelling  blackened  surface.  On  the  same  surface  the  time  was 
recorded  by  a  writing  clock  marking  fifths  of  seconds. 

The  observations  required  an  operator  to  manage  speed  of  motor, 
registration  of  time  and  revolutions,  &c.,  and  an  observer  who,  seated 
in  a  dark  compartment,  gave  his  attention  to  the  watching  of  the  illu- 
minated discs. 

The  shutters  of  the  rotating  cylindrical  screen  could  be  arranged  so 
that  the  illumination  of  a  retinal  spot  in  one  eye  could  be  varied  in 
time  and  intensity  synchronously  or  asynchronously  with  that  of  the 
conjugate  spot  of  the  other  eye.  Of  various  combinations  examined, 
the  following  may  be  cited  as  outlining  the  evidence  obtained.  The 
discs  may  be  referred  to  as  disc  A  and  disc  B. 

Experiment  1. — When  the  disc  A  represents  right  retinal  stimulation 
alone  (».^.,  without  left),  the  conjugate  spot  of  the  left  eye  remaining 
dark ;  and  when  the  disc  B  represents  right  retinal  stimulation  with 
coincident  synchronous  (t.^.,  of  synchronous  phase)  intermittent  stimu- 
lation of  the  conjugate  spot  of  the  left  retina  j  the  frequency,  duration, 
and  intensity  of  the  light  periods  1)eing  alike  at  all  the  holes. 

Then,  steady  sensation  is  obtained  from  disc  A  at  frequencies  of 
intermission  lower  than  those  required  for  giving  steady  sensation  from 
disc  B. 

At  speeds  sufficient  to  give  steady  sensation  at  both  discs,  the  disc  B 
does  not  obviously  diifer  in  brightness  from  the  disc  A. 

Experiment  2. — When  disc  A  represents  i\&  before  uniocular  stimula- 
tion only. 

And  when  disc  B  represents  intermittent  right  retinal  stimulation, 
together  with  a  stimulation  yielding  steiuly  sensation  from  the  con- 
jugate field  of  left  retina. 

And  when  the  steady  sensation  from  left  retina  corresponds  with  an 
intensity  of  light  stimulus  half  that  of  the  intermittent  stimulus 
employed  for  the  right  eye,  then  the  rate  of  intermission  required  for 
obtaining  steady  sensation  from  disc  A  is  higher  than  that  re<iuircd  for 
obtaining  it  from  disc  B. 

At  speeds  sufficient  to  give  steady  sensation  for  both  discs,  the 
disc  B  does  not  obviously  diifer  in  brightness  from  the  disc  A. 

Experiment  3. — The  disc  A  representing  uniocular  vision  as  before. 

When  disc  B  represents  intermittent  right  retinal  stimulatiow  \\\\\\^ 
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iiunio  \M%y  iii^  in  2,  continuous  steady  eonsatlon  frcim  the  conjugate 
ft  iTtinid  sp«t. 

And  when  the  intensity  of  that  continuous  sensjition  from  left 
It  inn  DOT  res  pond  8  with  an  intensity  of  light  stimuhia  more  than  half 
\i\t  of  ejich  stimulus  employed  in  repetition  for  the  conjugate  of  the 
^ht  eye, 

I  Theri  the  mte  of  intermission  required  for  obtaining  steady  sensa- 
bn  from  disc  A  is  higher  than  that  required  for  obtaining  it  from  the 
Isc  B. 

I  Of  the  two  disL's,  seen  under  speeds  sufficient  to  give  steady  sensation 
lorn  both  J  disc  B  appears  the  brighter, 
1  Ex^irrimcnt  4. — The  disc  A  representing  uniocular  vision  as  before. 

When  the  disc  B  representa  intermittent  right  retinal  stimulation, 
Igetlier  u  ith^  in  the  sjime  way  as  in  3  and  3,  steady  sensation  from 
pe  conjugate  left  retinal  spot. 

And  when  the  intensity  of  that  steady  sensation  from  left  retina 
tries  ponds  with  that  due  to  a  light  stimulus  of  less  than  half  the  in- 
Insity  of  e^ieh  member  of  the  series  of  repeated  stimuli  emploj'ed  for 
fe  conjugate  spot  of  the  right  eye, 

Then  the  rate  of  intermission  reqnired  for  obtaining  steady  eensa- 
from  {Use  A  is  higher  than  that  required  for  obtaining  it  from  the 
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tion  from  disc  B  does  not  appreciably  differ  from  that  required  to 
obtain  it  from  disc  A. 

(K  the  two  discs,  at  speed  sufficient  to  yield  steady  sensation,  disc  I^ 
does  not  obviousiy  differ  in  brightness  from  disc  A. 

Eji^perimeni  7. — ^When  disc  A  represents  the  binocular  combination 
described  for  disk  B,  Experiment  1,  and  the  disk  B  is  as  described  in 
Experiment  6,  the  rate  of  intermission  required  to  obtain  steady 
senaation  from  A  is  higher  than  that  required  for  obtaining  it  from  B, 
but  at  speeds  sufficient  to  3neld  steady  sensation  from  both  discs  the 
two  discs  appear  to  be  of  equal  brightness. 

Est^perimeni  8. — With  disc  A,  as  in  Experiment  7,  and  disc  B,  as 
described  in  Experiment  6,  the  frequency  of  repetition  of  stimulus 
required  to  yield  steady  sensation  from  disc  A  is  slightly  higher  than 
that  required  to  obtain  it  from  disc  B,  but  at  speeds  sufficient  to 
yield  steady  sensation  from  both  discs  the  two  discs  appear  of  equal 
brightness. 

Experimeni  9. — With  disc  A,  representing  the  binocular  combination 
described  for  disc  B  in  Experiment  5,  and  with  disc  B,  as  described  in 
Experiment  6,  the  frequence  of  repetition  of  stimulus  required  to 
3neld  steady  sensation  at  disc  A  is  slightly  lower  than  that  required  to 
3rield  it  at  disc  B ;  but  at  speeds  sufficient  to  yield  steady  sensation 
from  both  discs,  the  two  discs  appear  of  equal  brightness. 

The  observations  show  (i)  that  Talbot's  law,  unimpeachable  (over 
a  wide  range  of  ordinary  luminosities)  for  the  single  eye,  is  not  ap- 
plicable to  combined  binocular  vision,  that  is,  that  if  the  two  eyes 
functioning  together  in  binocular  vision  are  considered  as  functionally 
to' combine  to  a  single  organ,  Talbot's  law  does  not  hold  good  for 
that  organ  as  it  does  for  the  single  eye,  right  or  left,  (ii)  That  increase 
of  luminosity  of  an  intermitting  image  does  not  always  necessitate 
increase  of  rate  of  frequency  to  extinguish  its  flicker  ;  and  conversely, 
They  also  show  that  the  "  Fechner  paradox "  regarding  binocular 
luminosity  makes  itself  apparent  under  "  flicker  "  examination  as  well 
as  under  "  brightness  "  estimation. 

It  seems  that  the  physiological  sum  of  two  luminosities  perceived 
through  conjugate  retinal  areas  is  of  a  value  intermediate  between 
the  individual  values  of  the  two  component  luminosities. 

Among  experimental  difficulties  incident  to  the  experiments  may  \yQ 
mentioned  the  increased  perception  of  flicker  under  paracentral  as  com- 
pared with  central  locus  of  stimulus  on  the  retina,  as  noted  by  Exuer 
and  by  Charpentier.  Interesting  experimental  difficulties  were  also 
occasioned  by  the  reciprocal  and  often  antagonistic  influences  exerted 
by  one  retina  upon  another  in  ways  studied  and  described  recently  by 
Dr.  W.  McDougall.* 

It  was  further  observed  that  binocular  colour  mixture  did  not  seem 
♦  •  Mind/  1901. 


Iiijlucnce  of  Tmiip€i*aiitve  of  Liquid  Ait  on  Mtc^'o-ajyani^nks^ 

he  either  rendered  easier  or  impeded  when  the  eomponetitB  were 

bplied  hy  alt^nuiting  right  and  left  stimuli  m  eomjjared  mth  the 
lethod  of  applying  them  by  coincident  right  and  laf  t  stimiUi. 


)ii  the  Iiifiueuce  of  tlie  Prolouged  Action  of  the  Teiupemtuie 
of  Liquid  Air  ou  Slicro-oigauisnis,  and  on  the  Effect  of 
Mechanical  Trituration  at  the  Teinp^rature  of  Liquid  Air  on 
Fhotogenic  Bacteria."  By  Allan  Macfadyen^  M,D.  Com- 
mnnicated  by  I'rofesaor  James  Dewak,  ¥1LS,  Ecceived 
August  2,  1902. 

I  In  previous  commiuii cations  it  was  shown  that  an  exposure  for 
lenty  hourii  and  for  a  period  of  seven  days  to  the  temperature  of 
Luirl  air  (about  -  190'  C.)  had  no  effect  on  the  vitality  of  micro- 
lgauisDiS|  ivhilst  an  exposure  of  ten  hours  to  a  temperature  as  low  as 
lat  of  liquid  hydrogen  (about  --  252"  C)  wag  likeviige  without  an 
ppreciable  effect.* 
Fiu-ther  expeiiments  have  since  been  made  in  which  the  influence  of 
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The  ordinary  manifestations  of  life  cease  at  zero,  but  at  - 190°  C. 
we  have  reason  to  suppose  that  intracellular  metabolism  must  in  addi- 
tion practically  cease — as  a  result  of  the  withdrawal  of  two  of  its 

•  cardinal  physical  conditions,  viz.,  heat  and  moisture.  It  is  difficult  to 
form  a  conception  of  living  matter  under  this  new  condition,  which  is 
neither  life  nor  death,  or  to  select  a  term  which  will  accurately 

•  describe  it. 

In  previous  experiments  it  was  found  that  the  photogenic  bacteria 
preserved  their  normal  luminous  properties  after  exposure   to  the 

•temperature  of  liquid  air.  On  re-thawing,  a  rapid  renewal  of  the 
photogenic  properties  of  the  cells  occurred.  The  light  is  apparently 
produced  by   a  chemical    process  of    intracellular  oxidation.      The 

,  feasibility  of  triturating  micro-organisms  at  the  temperature  of  liquid 

.air  has  now  been  experimentally  established  in  the  case  of  the  typhoid 
bacillus  and  other  bacteria.*     The  effect  of  such  mechanical  trituration 

.at  the  temperature  of  liquid  air  on  the  luminous  properties  of  the 
photogenic  bacteria  has  now  been  tested.  The  experiments  have 
shown  that  the  effect  of  such  a  trituration  is  to  abolish  the  luminosity 

.  of  the  cells  in  question. 

This  points  to  the  luminosity  being  essentially  a  function  of  the 

)  living  cell,  and  dependent  for  its  production  on  the  intact  organisation 

•  of  the  cell. 

1  am. indebted  to  Professor  Dewar  for  valuable  suggestions,  and  to 
.  Mr.  Sydney  Rowland  and  Mr.  J.  E.  Barnard  for  their  assistance  in  the 
experiments,  which  were  carried  out  at  the  Jenner  Institute  of  Pre- 
ventive Medicine. 


".An  .Intracellular  Toxin  of  the  Typhoid  Bacillus."  By  Allan 
IIaofadykn,  M.D.,  and  Sydney  Rowland,  M.A.  Commu- 
nicated by  Lord  Lister,  F.R.S.     Received  August  14,  1902. 

The  existence  of  a  specific  toxin  produced  by  the  typhoid  l)Hcillu8 
1  has  hitherto  not  been  demonstrated,  although  it  has  been  assumed  by 
..analogy  with  other  organisms   and  by   reasoning  from  the  clinical 
course  ci  the  disease. 

Suoh  a  poison  must  either  be  intracellular  or  extracellular. 
That  it  does  not  exist  in  filtered  cultures  of  the  organism  is  the 
.  common  experience  of  bacteriologists.     Its  absence  from  such  cultures 
might  be  due,  however,  to  unsuitability  of  the  soil  used  for  growing 
the  organism. 

.  •  ••The. Intracellular  Constituents  of  the  Typhoid  Bacillus,'*  Allan  Macfadjeu 
.and-Sydnej  Bowland, '  Centralblatt  f.  Bakteriolog:^/  toI.  30, 1901,  No.  20. 


An  IntraceUnlar  To^cia  of  tim  Typfmd  BaciUns, 

I  Accordingly  the  first  step  in  the  search  for  the  body  in  question 
Insisted  in  substituting  for  the  usital  broth  and  peptone  media^ 
lltiu'e  flnirla  approaching  more  nearly  in  constitution  the  nattintl 
soils  which  clinically  support  the  growth  of  the  bacillus.  For 
lis  purpose,  the  organism  waa  growli  on  the  actual  intracellnlar 
lices  of  the  following  organs  and  tissues  obtained  in  a  fre^h  condi- 
gn from  the  ox  or  calf  :^ 

Intestinal  mucous  membrane,  mesenteric  lymphatic  glands  and 
bleen.  In  eticb  case  the  intracellular  juice  was  brought  to  the  requi- 
Ite  degree  of  alkalinity  and  used  b%  a  eulttire  soil  itudor  the  foUomng 
|>nditions : — 

I,  Aerobically.  2.  Anaerobically,  3,  With  addition  of  normal 
iiman  serum.     4,  After  heating  to  55'  C  for  20  minutes. 

i\Jter  from  4  to  6  weeks'  growth  the  organisms  were  filtered  off  and 
|ic  filtrate  tested  for  toxicity  in  guinea-pigs.  With  the  possible 
^ception  of  one  spleen  juice^  none  of  the  fluids  thus  obtained  ex- 
Jibited  any  acute  toxic  power.  It  thu^  Ijecamc  necessary  to  searck 
Hthin  the  typboid  organism  itsolf  for  the  missing  toxin.  For  this 
hrpose  the  organisms  were  grown  on  ordinary  beef  broth  agar,  and 
fter  careful  washing  with  distilled  water  were  disintegrated  in  a 
lechanical  eontrivanee  at  the  temperature  of  liquid  air  (  -  180"  C*) 
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"  The  Fracture  of  Metals  under  repeated  Alternations  of  Stress/' 
By  J.  A.  EwiNG,  LL.D.,  F.RS.,  Professor  of  Mechanism  and 
Applied  Mechanics  in  the  University  of  Cambridge,  and 
J.  C.  W.  HuMFRBY,  B.A.,  St.  John's  College,  Cambridge,  1851 
Exhibition  Eesearch  Scholar,  University  College,  Liverpool. 
Received  August  11,  1902. 

(Abstract.) 

The  paper  describes  an  investigation  by  means  of  the  microscope  of 
the  process  by  which  iron  becomes  "  fatigued  "  and  breaks  down  when 
subjected  to  repeated  reversals  of  stress,  as  in  Wohler's  experiments. 
It  is  shown  that  although  the  greatest  stress  is  much  within  the  limit 
of  elasticity  (as  determined  by  the  proportionality  of  strain  to  stress 
ill  an  ordinary  tensile  test),  it  produces  rupture  after  many  reversals. 
The  first  visible  effect  is  the  production  of  slip-bands  here  and  there 
on  individual  crystals.  These  gradually  become  more  numerous: 
they  also  become  accentuated  and  broadened  and  their  edges  turn 
rough  and  burred,  apparently  as  a  result  of  grinding  of  one  surface  on 
the  other  over  the  plane  in  which  slip  has  occurred.  At  a  later  stage 
certain  of  the  slip-bands  develop  into  cracks,  whose  existence  can  bo 
demonstrated  by  repolishing  the  specimen,  when  the  slip  bands  which 
have  not  opened  into  cracks  are  obliterated,  but  the  cracks  remain 
visible  as  actual  fissures.  As  the  process  of  reversals  goes  on,  the 
cracks  spread  from  crystal  to  crystal,  and  fracture  ensues.  In  the 
particular  material  dealt  with,  Swedish  iron,  having  an  elastic  limit  in 
tension  of  about  13  tons  per  square  inch  and  a  })reaking  strength  of 
23*6  tons  per  square  inch,  it  was  found  that  a  stress  not  exceeding 
9  tons  per  square  inch,  when  reversed  some  millions  of  times,  W2is 
sufficient  to  develop  cracks  and  to  bring  about  the  fractiu'e  of  the 
piece.  Stresses  of  8  and  even  7  tons  per  square  inch  were  found  to 
develop  slip  bands  which  would  probably  turn  into  cracks  under  a 
sufficient  number  of  reversals.  The  paper  is  illustrated  by  micro- 
photographs  taken  at  various  stages  of  the  destructive  process. 
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|On  Changes  in  Elastic  Properties  produceJ  by  tJie  suddeii 
Uoolirig  or  'Quenching'  of  Metale/'  By  James  Muir,  B.A., 
I>,Sc>,  late  1851  Exhibition  Science  Research  Scholar.  Com- 
nnuiicated  by  Professor  EwiKG,  F-HS,  Beeeived  August  11, 
1002. 

iug  part  of  a  Ti>efia  BubmiHed  for  tlic  degree  of  Boctor  of  Scletice^  Glasgow 
University,) 

It  ig  well  known  that  nhen  steel  is  quenched  from  a  tml  heat,  its 
tic  properties  suffer  a  profound  cliango,  the  materiiil  l}eeoniing 
ftrcniely  hard  and  hrittla  It  is  also  knowTi  that  quenched  ^teel, 
lieu  tei*ted  under  tension,  exhibits  no  distinct  yield-point,  Hooke's 
Iw  ia  departed  from  quite  gradually  until  abnipt  fractnre  occurs  at  a 
stress.  The  effect  producer!  on  cojjper  hy  quenching  hj^  been 
pufiidered,  at  least  ii[  some  respects,  the  reverse  of  that  produced  in 
|ecl.  The  experimenie  to  be  descrilwd  in  this  paper,  however,  show 
iat  with  mild  steel,  soft  iron,  copper,  zinc,  alumirnnmi  brasa,  and  so 
I'obably  with  all  metals,  quenching  from  high  temperatures  prodxices 
which  are  analogous  to  one  another;  in  all  cases   there  is  a 
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fully  described  in  a  paper  by  the  present  author  "  On  the  Recovery  of 
Iron  from  Overstrain."*  The  amount  by  which  the  curves  have  been 
sheared  back  is  marked  at  the  foot  of  each  diagram.  Thus,  in 
Diagram  No.  1,  yinnnny^^s  of  an  inch  have  been  deducted  from  the 
extension  of  the  4-inch  length  for  every  4  tons  of  stress.  For 
example,  the  extensometer  readings  for  stresses  of  4,  8,  and  12  tons 
per  square  inch  were  120,  240,  and  360  respectively;  the  numbers 
actually  plotted  were  20, 40,  a^id  60.  The  origin  for  the  measurement 
of  extensions  has  been  displaced  for  the  various  curves  of  each  diagram 
in  order  to  avoid  a  confusion  of  the  curves. 

Diagram  No.  1  shows  the  elastic  properties  of  an  annealed  specimen 
of  mild  steeL  The  specimen  was  subjected  to  a  series  of  tension  tests, 
the  load  in  each  test  being  carried  just  to  a  yield-point.  Recovery 
from  the  overstrains  produced  by  the  passing  of  the  successive  yield- 
points  was  effected  by  heating  the  specimen  to  temperatures  of  from 


DiAOBiH  2^0.  1.— (Mild  steel-annealed.) 


tonB/ini 


Extenahne  darihMmdbyj8^^ofajiinoh1bre^mry4toris\ 
SeAleytUtu'^M^ihofAninch.^l^J—,'.    of  serosa  .5 

Diameter  of  specimen  =  0"'331. 
Lengtli  under  test  =  4"00. 
Fracture  occurred  at  40  tons  per  square  inch  original  aroa.     Extension   (including 
all  jield-points)  =  0"'38  on  4  inches. 


2(X)°  to  250''  C.  The  specimen  broke  at  the  fifth  yield-point,  tho 
breaking  stress  being  42  tons  per  square  inch,  or  about  40  tons  per 
square  inch  taking  the  original  area  of  the  specimen.  After  the  pass- 
ing of  each  yield-point  the  diameter  of  the  specimen  was  of  course 

•  *  Phil.  Trans.,'  A.  toI.  193,  1899. 
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[ghtly  redueefl  ;  this  was  allowed  for  in  the  succeeding  loadings,  the 
jiid  l*eiTig  always  applied  in  tons  per  square  inch  of  actual  section. 
1  IHtujitun  Sit.  2  shows  the  elai^tic  properties  of  the  same  steel  af t«r  it 
|k1  heen  heated  to  500',  to  G50',  and  to  700^  C„  and  quenched  in 
rat  all  out  15'  C.  Each  of  the  specimens  employed  was  broken 
a  ?5iiigle  tontiuuons  loading.  Curves  A  and  B  show  that  quenching 
lom  500 '  and  from  650*  C\  had  little  effect  on  the  elastic  properties  of 
le  steeU  The  specimen  from  which  Ciyrve  B  was  obUiined  had  been 
lore  thoroughly  annealetl  before  quenching  than  Specimen  A,  and 
lis  may  account  for  the  lower  breaking  load  and  greater  ultimate 
p  tendon  obudned  with  Specimen  B,  although  ail  the  apecimens 
iipk>yed  wej^e  primarily  amiealed.  Cur\'e  C  shows  that  a  mai*ked 
bauge  was  produced  in  elastic  properties  by  quenching  from  700*  C. 


DiiOHAM  No.  2. — (MUd  atoel-ijoeaobed.) 
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Diagram  No.  3  shows  the  effect  produced  on  the  elastic  properties  of 
Lowmoor  iron  by  quenching  from  700^  C.  Curve  A  was  obtained 
from  an  annealed  specimen  of  the  material.  A  very  clearly  defined 
yield-point  is  shown  at  the  stress  of  33,000  lbs.  per  square  inch.  After 
the  yielding  at  the  yield-point  had  spread  throughout  the  specimen, 
the  load  was  steadily  increased  until  fracture  occurred  at  the  stress  of 
50,300  lbs.  per  square  inch.  The  extension  produced  was  0"*95  on 
4  inches,  neglecting  all  the  local  extension  which  occurred  at  the  point 
of  fracture,  or  r''23  including  the  local  extension. 

Curve  B,  which  was  obtained  from  a  specimen  which  had  been 
quenched  from  700'  C,  clearly  shows  the  loss  of  elasticity  produced 
by  quenching.  A  curious  recovery  effect  was  noticed  in  this  test. 
The  load  was  applied  until  a  stress  of  30,000  lbs.  was  attained,  and 


Djagbam  No.  3.— (Lowmoor  Iron.) 


ipooLbafin*. 


Extensions  diminished  by  jjjj^^  ofAnincli  for  every  lopoopoundi 

ofatresy 
Sc6LLe:-lUnit'^*ifofanincln  -^    -^    -^ 


Diameter  of  specimens  A  and  B  —  0'''44. 
Length  under  test  =  4"'00. 

Specimen  A. — Annealed  at  750°  C.    Broke  at  50,800  lbs.  per  square  inch. 

^Extension  0"'93  omitting,  or  1"'23  including,  local  extension. 
Specimen  B. — Heated  to  740°  C,  slowly  cooled  to  700^  C,  and  then  quenched  in 
cold  water.     Broke  at  61,300  lbs.  per  square  inch. 

Sitension  (/'*61  omitting,  or  0"'88  including,  local  extens^iou. 
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M'as  then  removed.  The  contraction  which  occurred  on  the  removal 
of  the  load  was  almost  perfectly  elastic.  Had  the  load  been  imme- 
diately replaced,  the  material  would  have  shown  perfect  elasticity  up 
to  the  stress  of  30,000  lbs.,  but  immediately  the  load  was  increased 
beyond  this  amount  larger  yielding  would  have  occurred,  and  a  smooth 
continuation  of  Curve  B  would  have  been  obtained.  The  specimen 
was,  however,  allowed  to  rest  for  about  an  hour  before  the  load  was 
replaced  and  increased.  This  rest  proved  to  have  a  comparatively 
large  effect,  the  material  showing  very  perfect  elasticity  up  to  the 
stress  of  34,000  lbs.  per  square  inch.  At  this  stress  a  partial  yield- 
point  was  exhibited  (represented  by  about  6  units  of  extension  on  the 
diagram),  and  on  increasing  the  load  gradual  extension  was  produced, 
until  ultimately  fracture  occurred  at  the  high  stress  of  61,300  lbs.  per 
square  inch.  The  ultimate  extension  is  marked  at  the  foot  of  the 
diagram,  and  was  less  than  that  obtained  with  i^nealed  material. 

It  may  be  recorded  that  another  specimen  of  this  Lowmoor  iron  was 
quenched  from  700'  C,  but,  before  testing,  this  specimen  was  re-heated 
to  about  200"  C.  in  order  to  see  if  any  appreciable  return  to  the  elastic 
condition  illustrated  by  Curve  A,  Diagram  3,  would  be  obtained. 
The  behaviour  of  the  specimen  was  more  nearly  elastic  for  low  loads 
than  is  shown  by  Curve  B,  but  all  the  main  features  of  Curve  B  were 
corroborated ;  gradual  departure  from  Hooke's  law  was  obtained  until" 
fracture  occurred  at  61,500  lbs.  per  square  inch,  the  extension  being 
0"'54  on  4  inches  omitting,  or  0"'9  including,  local  extension. 

Before  leaving  the  consideration  of  iron  and  steel,  the  effect  pro- 
duced by  quenching  iron,  as  illustrated  by  compression  tests,  may  next 
be  considered. 

Diagram  No,  4  shows  by  a  comparison  of  two  compression  curves 
the  change  in  elastic  properties  produced  by  quenching  mild  steel  from 
a  red  heat.  Specimen  A,  was  a  short  annealed  block  of  mild  or 
semi-mild  steel;  the  diameter  of  the  specimen  was  r'*156  and  its 
length  \l  inches.  The  compression  instrument  employed  enabled  the 
contraction  on  a  length  of  1 J  inches  to  be  measured  to  the  ^j^nnrTr  ^^ 
an  inch.  Ciu've  A  shows  that  the  annealed  material  was  elastic  up  to 
the  stressof  21  tons,  but  23  tons  per  square  inch  had  to  be  applied 
before  really  large  yielding  occurred.  A  tension  test  of  this  material 
showed  a  well-defined  yield-point  at  22^  tons  per  square  inch. 

Specimen  B  was  exactly  similar  to  Specimen  A,  but  the  material  in 
this  case  instead  of  being  annealed  was  heated  to  redness  and  quenched 
in  cold  water.  Curve  B  shows  the  marked  loss  of  electricity  produced 
l>y  the  quenching.  The  rounding  of  Curve  B  at  the  two  points  where 
the  load  was  removed  is  probably  to  be  accounted  for  by  experimental 
©rrors  of  the  nature  of  back-laah  in  the  testing  machine  or  compression 
|n8txniment. 

J^iagram  No,  5  illustrates  the  results  obtained  by  experiments  with 
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copper  rods.  Curve  A  of  that  diagram  was  plotted  from  a  tensile  test 
made  with  the  material  in  the  condition  as  supplied.  Curve  B  shows 
the  elastic  properties  of  the  material  after  it  had  been  heated  to  BdO*"  C, 
and  allowed  to  cool  slowly,  while  Curves  Ci,  C2,  and  Cs  show  the  effect 
produced  by  quenching  the  copper  from  500'  C,  from  550*  C, 
and  finally  from  GOO*"  C.  Specimen  B  showed  more  perfect  elastic 
behaviour  for  low  loads  than  Specimen  A,  but  large  extension  is  shown 
by  Curve  B  to  have  occurred  earlier  with  the  annealed  material. 
Specimen  C  was  first  heated  to  500°  C,  and  quenched  in  cold  water. 

DiAOBAX  No.  4. — (Mild  steel  under  compression,) 
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Specimen  A. — ^Annealed. 

„        B. — Quenched  from  a  red  heat. 

Diameter  of  specimens  «  1*16  inches. 
Total  length  »  li  inches. 
Contraction  measured  on  li  inches. 


Curve  Cj  was  then  obtained  by  applying  and  removing  a  load  of 
15,000  lbs.  per  square  inch.  The  specimen  was  next  quenched  from 
550' C,  and  Curve  C2  shows  the  slightly  greater  loss  of  elasticity 
which  was  thus  produced.  Curve  C3  shows  the  large  effect  caused 
by  quenching  the  Specimen  from  600"  C.  The  breaking  stresses 
obtained  with  the  three  specimens  were  35,300,  33,500,  and  32,300  lbs. 
per  square  inch  of  original  area.  These  stresses  were  equivalent 
to  41,600,  40,800,  and  44,200  lbs.  per  square  inch,  when  allowance 
was  made  for  the  diminutions  in  area  due  to  the  large  extensions 
of  the  specimens  before  fracture.     These  correctionB  nv^t^  tcksc^t^  \v^ 
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Iciihiting  the  reduced  areas  from  the  extensions  obtoiued  (omiiting 
e  local  extension e  at  points  of  fractm^e)  and  neglecting  the  amttU 
anges  in  density  which  ar*3   known  to  he  produced  by  stretching. 
:)ppor  thua  roHemblea  iron  and  steel  in  having  its  breaJdug  stress 

DiAGHASC  Ko,  5.— (Copiwr.) 
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die  local  extensions  at  the  points  of  fracture,  or  r''04,  r'*25,  and 
1"*98  respectively  including  the  local  extensions. 

Diagrams  Nos.  6  and  7  may  now  be  given  without  comment.  They 
illustrate  tests  made  with  brass  and  aluminiiun,  and  it  is  shown  in 
both  cases  that  there  is  a  loss  of  elasticity  produced  by  quenching. 
When  the  quenched  material  has  been  once  loaded  it  is  brought 
approximately  into  the  elastic  condition,  so  that  from  a  removal  and 
reapplication  of  load  a  straight  stress-strain  curve  is  obtained. 


DiAGBAM  No.  6.— (Brass.) 
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Diameter  of  specimens  =*  0"*44.     Length  under  test  =  4"000. 

Specimen  A. — Brass  as  supplied.  Broke  4  times  in  machine  grips  at  about 
48,500  lb?,  per  square  inch.  Extension  from  0"*87  on  4  inches 
after  tlie  first  break  to  1'''68  after  the  fourth. 

8i>ecimen  B.— Brass  quenched  from  600'  C.  (BO  and  from  700"*  (Bj).  Broke  at 
42,500  lbs.  per  sqnnre  inch  after  two  breaks  in  the  machine  f(rips 
at  slightly  lower  stresses.     Extension,  1"'33  on  4  inches. 


Three  specimens  of  zinc,  of  diameter  0"'40,  were  also  tested.  The 
first — in  the  condition  as  supplied — broke  at  21,000  lbs.  per  square 
inch,  the  ultimate  extension  being  2'' 04  on  4  inches.  There  was  great 
local  extension,  the  specimen  being  drawn  to  a  very  narrow  neck 
before  fracture.  The  second  specimen  was  quenched  from  350"  C. 
It  yielded  rather  more  for  the  lower  loads  than  the  first  specimen,  and 
broke  at  20,5(X)  lbs.  per  square  inch  with  an  extension  of  0"'4l  ou  4 
inches.     The  fracture  was  quite  abrupt,  so  that  tihere  "wsAViXAAa  w  w^2> 


f  8  Dr.  J,  Miiir,     On  Changes  in  MaMic  Prop f Hits     [Aug.  11, 

peal  extension.  The  third  specimen  Wiis  hoated  to  350"  C,  aud 
In  owed  to  cool  in  the  apir.  The  behaviour  of  thiss  specimen  was  v(?ry 
jmilar  to  that  of  the  quenched  specimen.  Rather  less  yielding  was 
|btained  at  low  stresses,  fracture  occurred  at  21,100  lbs.  per  square 

ich,  the  ultimate  extension  was  0"*68  on  i  inches.     The  fracture  waa 
Ibrupt,  BO  that  there  waa  practically  no  local  extension. 
Two  specimens  of  cast  tin  were  also  tested,  but  owing  to  the  low 

melting  point  of  tin  quenching  from  200"  C.  could  only  be  tried.    The 


DlAORAJhL    Kt>.  7- — (A^umfttnitn  ) 


/joooLba/m' 


^23 


1^0 


jf 

•t^ 

r         '  ^ 

f 

y 

/ 

A 

/ 

-/— ^ 

^t'fifn  5. 

wC. 

^iQ 


1902J 


.  produced  hy  tJie  sudden  Cooling  of  Metals. 


89 


interior  will  then  contract,  and  exert  a  radial  pull  on  the  outside 
solidified  layer.  This  will  put  the  material  into  a  state  of  circum- 
ferential compression.  If  the  tangential  direction  be  called  the  direc- 
tion of  X,  the  radial  direction  that  of  Y,  so  that  the  rod  tjonsidered, 
lies  along  the  axis  of  Z,  then  the  material  in  the  outside  layer  of  the 
quenched  rod  of  metal  is  subjected  to  a  compressioiial  stress  in  the 
X  direction.  If  a  layer  of  material  be  considered  at  some  distance 
from  the  outside  it  will  be  found  to  be  subjected  not  only  to  a  compres- 
sion in  the  X  direction,  but  also  to  a  tension  in  the  Y  direction.  Foi- 
the  outside  solidified  layers  are  able  to  resist  to  some  extent  the  radial 
pull  due  to  contraction,  A  particle  of  material  at  a  point  such  as  A 
will  thus  be  subjected  to  stresses  p  and  t  in  the  manner  illustrated  in 
the  sketch.  Going  nearer  the  centre  of  the  bar,  the  pull  due  to  con- 
traction of  the  hot  material  may  be  more  than  balanced  by  the  outward 
radial  pull  due  to  the  solidified  material  which  has  settled  down  under 
radial  tension,  so  there  may  be  a  resultant  outward  pull  all  round  the 
layer  considered,  and  a  particle  such  as  B  will  be  subjected  to  a  circum- 


ferential pull,  t\  as  well  as  a  radial  pull,  /.  There  will  be,  of  course,  a 
gradual  transition  from  material  in  the  one  condition  to  material  in  the 
other. 

Further,  the  stresses  induced  by  sudden  cooling  will  pro])ably  be 
severe  enough  to  overstrain  many  layers  of  material,  and,  except  in  the 
case  of  portions  which  have  been  overstrained  when  quite  cool,  recovery 
from  overstrain  will  be  efiected,  so  that  the  material  will  be  left  in  an 
elastic  condition,  hardened  as  regards  the  stresses  in  question,  and  not 
in  the  semi-plastic  state  typical  of  material  which  has  been  recently 
subjected  to  overstrain. 

Now  it  is  well  known  that  when  metals  are  deformed  they  alter  very 
little  in  volume,  almost  the  whole  strain  is  one  due  to  change  of  shape* 
It  is  only  necessary  then  to  consider  the  shear  stresses  applied  by  the 
systems  of  stresses  illustrated  above  at  A  and  B.  A  pull  (/  or  /')  is 
equivalent  to  a  hydrostatic  tension  {^t  or  It')  and  two  shear  stresses  in 
definite  directions ;  a  push  (p)  gives  rise  to  a  hydrostatic  pressure  (J;>) 
and  two  shear  stresses.  A  circumferential  pressure  {p  case  A)  gives 
rise  to  the  following  two  shears : — 


H  ^ 


Chdruffes  in  Eladw  Propm^ties  produced  by  CooHn^^     [Aug-  II, 
lAr  ^^ing  eontmrtion  in  direction  of  X  and  MteniioD  ia  dlreotioD  of  Y, 

*^A        II  If  n  ^  n  II  *- 

A  radial  tension  {t  c^es  A  and  B)  gives  rise  to  tbe  fallowing  two 

Jears : — 

IaB;  giving  extcTtsion  aloog  Y  and  contToctioii  ftlimg  Z| 
"ab       tt  M  }>       Y        ,1  ,,  X» 

A  circumferential  tension  (/'  case  B)  givea  rise  to  tbe  following  two 

iears ; — 

IRi  giTLtig  fitrnflion  along  X  and  contructioii  along  Y, 

J  It  is  necessary  then   to  consider  what  effect  these  shear  stresses. 
Id  need  by  quenchiDg,  have  on  the  bebayiour  of  a  l>ai*  subjected  to  a 
Insion  (T)  or  a  pressure  (P)  in  tbe  direction  of  the  Z  axia. 
1 A  pull,  T,  in  directicHi  of  the  Z  axis  gives  rise  to  tbe  following  two 
lears  i — 

It  produetDg  eitaniion  »l«mg  Z  and  contmction  along  X, 

^T  n  it  ti         ^      n  »T  it         *• 

I A  push,  P,  along  the  Z  axis  produces  the  following  two  shears  : — 
Ip  giving  contra t-iio^  along  Z  and  eitenaion  aJong  X^ 
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take  place,  and  perhaps  also  a  redistribution  of  the  stress  due  to  the 
applied  load.  This  alteration  in  the  distribution  of  the  internal 
stresses  must  be  such  as  to  cause  the  surrounding  strong  layers  to 
stretch  elastically  as  far  as  the  weak  material  has  been  permanently 
stretched.  The  alteration  in  the  internal  stresses  will  remain  after 
the  applied  load  is  removed,  as  the  material  which  has  been  perma- 
nently deformed  will  be  unable  to  relieve  the  stronger  material.  The 
apparent  permanent  set  which  is  shown  with  quenched  material  after 
the  removal  of  applied  load,  may  thus  be  due  to  the  real  permanent 
extension  only  of  the  weak  layers,  and  to  the  elastic  extension  of  the 
strong  layers  produced  by  the  new  distribution  of  internal  stresses. 
This  explanation,  however,  does  not  suffice,  at  least  in  the  case  of 
iron  and  steel,  to  explain  the  behaviour  of  a  quenched  rod  under 
applied  stress,  for  Diagrams  2  and  3  show  that  such  a  rod  may  be 
stretched  further  than  is  compatible  with  elastic  extension — even 
supposing  some  of  the  iron  to  have  been  overstrained  to  the  maximum 
in  the  most  favourable  direction,  without  stretching  nearly  far  enough 
for  the  yield-point  of  the  iron  to  have  been  passed.  Hence  in  the  case 
of  iron  and  steel  recourse  must  be  had  to  the  explanations  which 
simply  attribute  the  obseived  effects  to  the  formation  of  allotropic 
modifications  of  the  metal  or  to  the  changes  caused  by  the  transition 
of  the  carbon — always  present — from  one  condition  to  another. 

In  conclusion,  it  may  be  recorded  that  pieces  of  the  iron  and  steel 
specimens  used  in  this  research  were  polished,  etched,  and  examined 
under  the  microscope.  In  the  case  of  the  steel  specimens  the  change 
from  the  ferrite  and  pearlite  structure  shown  with  the  annealed  mate- 
rial to  the  martensite  structure  shown  with  the  quenched  steel  was 
very  striking.  But  in  the  case  of  the  Lowmoor  iron  no  difference 
was  detected  by  the  microscope  in  the  structures  of  the  annealed  and 
of  the  quenched  specimens,  although,  as  shown  by  Diagram  3,  the 
elastic  properties  in  the  two  conditions  were  vastly  different. 


-Harmonic  Tidal  Constants  for  certain  Australian  and  Chinese 
Ports."  By  Thomas  Wright,  of  the  Nautical  Almanac 
Office.  Communicated  by  Professor  G.  H.  Darwin,  F.ll.R. 
Beceived  August  1,  1902. 

BaUina  {New  South  JVates),  Princess  Pioyal  Harbour  {Kiiig  Gewge's 
Sound),  Netvcastle  {New  South  Wales\  Brisbane  {Queensland),  ami 
Sydney  {New  South  PFales), 

The  tidal  observations  made  at  these  ^ve  ports  have  been  reduced 
by  the  aid  of  certain  sums  placed  at  my  service  by  the  Government 
Grant  Committee  of  the  Royal  Society,  and  I  am  indebted  lo  Vtoliisv^^T 


}2 


M  r.  T.  Wright,     Havmonic  Tidal  Cnn^anU       [Aug,  1 , 


Ih  Darwin  lor  the  loan  of  the  apparatus  he  devised  to  facilitate 

Ihe  summjttion  of  hourly  tidal  heights,  and  to  the  Hydrographer,  Admi* 

ral  Sir  W.  J,   L,  Wharton,  who  supplied  me  with  the  observations, 

The  whole  of  the  obaervations  were  reduced  by  the  methods  deviseil 

|>y  Professor  (J.  H.  DarwiiL* 

The  o})servation3  made  at  the  throe  first^mentioned  ports  were 
lierived  from  copies  of  fontinuoiis  diagrams  made  by  automatic  tidis 
puiges  ^  those  at  Brisbrtiie  and  Sydney  w^ere  times  and  heights  of 
liigh  and  low  water.  The  observatioue  in  every  citse  extended  over  a 
Leriod  of  about  1  year,  and  were  almost  complete.  The  breaks  in  the 
ponti unity  of  the  olKCrvations  were  so  short  that  approximate  values 
ponld  be  eiisily  iosierted  Ijy  interpolation  with  very  small  risk  of  error. 
From  the  automatic  rccoi'ds  at  B^iUina,  Princess  Royal  Harbour, 
bid  Newcastle  the  hourly  heights  w^ere  read  off  to  the  nearest  one-tenth 
bf  a  foot.  The  range  of  the  tide  at  these  ports  is  small,  and  an 
rtttempt  was  made  to  use  a  snmUer  unit,  one-twentieth  of  a  foot.  An 
experiment  with  one  month*s  observations  showed,  however,  that  the 
pourly  and  daily  suras  for  the  month  differed  very  slightly,  whether 
the  readings  were  taken  to  the  nearest  one-twentieth  foot  or  to  the 
liearcst  one -tenth  foot  only.     Besides,  when  the  diagrams  for  two  coo- 
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agree,  it  seems  hardly  necessary  to  check  the  entering  on  the  strips. 
In  all  other  respects  Professor  Darwin's  methods  were  followed  exactly. 

As  already  stated,  the  observations  made  at  Brisbane  and  Sydney 
were  the  times  and  heights  of  high  and  low  water.  They  were 
reduced  by  Professor  Darwin's  method.  The  observations  were  split 
up  into  four  groups,  each  covering  about  one-fourth  of  a  year.  Each 
of  these  groups  wais  separately  reduced,  and  means  of  the  four  values 
of  K  and  H  for  each  tide  was  taken  as  the  final  constant.  These 
separate  values  form  a  check  on  the  work  independently  of  the 
systematic  method  of  verification  which  was  adopted  in  each  stage  of 
the  computation.  In  the  case  of  the  more  important  tides,  the  agree- 
ment among  the  four  values  is  very  close.  In  the  case  of  some  of  the 
smaller  tides  the  differences  are  somewhat  greater,  ])ut  not  great 
enough  to  make  any  serious  difference  in  predictions  based  upon  the 
constants. 

The  constants  for  the  five  ports  are  given,  with  others,  below.  The 
small  value  of  H  (0*159  foot)  for  M2  at  Princess  Royal  Harbour  gave 
rise  to  the  suspicion  that  there  was  some  error  in  the  work.  This 
value  is,  however,  borne  out  by  the  value  of  H  for  M^  at  Batavia 
(Java)  given  in  the  American  Tide  Table  for  1900.  Batavia  is  there 
quoted  as  a  "  Standard  Port  for  Reference  "  for  King  George's  Sound, 
and  the  height  there  given  is  0*154  foot,  or  only  0005  foot  different  from 
that  obtained  for  Princess  Royal  Har1)our.  Caieful  examination  of 
the  work  showed,  too,  that  the  value  given  below  is  correct. 

Hong  Koihg,  8watou\  Whampoa^  Cooktown^  and  Cah^*s  Harhur. 

The  constants  for  these  ports  have  been  deduced  at  various  times 
during  the  past  few  years.  Except  in  the  case  of  some  of  the  Hong 
Kong  tides,  constants  for  these  ports  have  not  yet  been  published, 
and  the  present  opportunity  is  taken  to  include  them  with  the 
others. 

The  observations  made  at  Hong  Kong,  Swatow,  and  Whampoa  were 
irom  records  by  automatic  gauges;  those  at  Cooktown  and  Cairn's 
Harbour  were  observations  of  times  and  heights  of  high  and  low 
^ater.  They  were  reduced  by  the  same  methods  as  the  observations 
at  the  other  five  ports.  The  observations  for  the  Chinese  ports  were 
^dly  supplied  by  the  Chinese  Customs  authorities ;  those  for  Cook- 
town  and  Cairn's  Harbour  by  the  Hydrographer.  There  seemed  reason 
to  suppose  that  the  observations  at  Whampoa  had  not  been  very  good, 
and  the  results  for  the  tides  S^,  R,  Mi,  M^,  L,  ft,  2SM,  J,  M/,  and  M„, 
Mem  to  be  so  uncertain  that  I  have  thought  it  best  to  omit  them  from 
the  Table  of  Values.  For  a  like  reason  the  L  tide  is  omitted  from  the 
results  for  Cooktown  and  Cairn's  Harbour. 


Mr,  T.  Wright.     Iftaynonic  Tidul  ConManU      [Aug.  1, 
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"  On  scmie  Definite  Integrals  and  a  New  Method  of  reducinj^  a 
Function  of  Spherical  Co-ordinates  to  a  Series  of  Spherical 
Harmonics."  By  Arthur  Schuster,  F.RS.  Received  May 
30,— Bead  June  5, 1902. 

(Abstract.) 

The  expansion  of  a  function  f{6)  of  an  angle  6  varying  between  0 
and  X  in  terms  of  a  series  proceeding  hy  the  sines  of  the  multiples  of 
0  depends  on  the  fundamental  theorem, 


rnipB^inqBdd  =  0, 


where  p  and  q  are  integer  numbers  not  equal  to  each  other.    Simi- 
larly if  P„  denotes  the  zonal  harmonic  of  degree  n,  /x  ==  cos  d,  and 


the  expansion  of  a  function  of  ^  in  terms  of  a  series  of  the  functions 
y? depends  on  the  corresponding  theorem, 

+1 

QJQf rfM  =  0, 

1 

^'^^ere  i  and  n  are  two  integer  num1>er8  not  equal  to  each  other.     In 

^'^y  practical  applications  a  continuous  function  is  given  by  means 

^  its  numerical  values  at  certain  points,  e.g.,  for  equidistant  values 
of  ft 

Such  cases  present  no  difficulty  when  Fourier's  analysis  is  to  be 
^'^ployed,  because  there  is  in  that  case  a  summation  theorem  exactly 
^^^sponding  to  the  above  integration  theorem.     If  0  be  replaced  by 
'^/'i,  where  p  takes  successively  the  values  1,  2,  3  .  .  .  ,  the  equa- 
tion 

iJ      sin  {ppir/n)  sin  (pqir/n)  =  0 

^^  hold  true.      This  allows  us  to  determine  the  coefficients  in  the 
^^^  of  problems  in  which  discontinuous  values  of  the  function  at 
^tidistant  points  are  known  (e.g.,  hourly  readings  of  temperature  or 
^•fometric  pressure).    If  we  assume  that  all  Fourier  coefficients  beyond 
^06  ftth  Tanisfa,  n  equations  are  obtained,  each  of  which  only  contains 
^  of  the  unknown  quantities. 
If  it  ia  desired  to  expand  a  function  in  terms  of  cosines,  a  6\\^v 
fOU  LZXI.  I 


\s 


Pmf,  A.  Sclmster. 


[May  :^0, 


noflifi  cation  muat  l>e  introtliiced,  the  auiDtaation  theorem  in  that  erne 
leing 

fi-^  n— I 

i  +  J  coa  //TT  COS  ^/r  -h      -      cos  (^j^/'i)  coe  (/>^/tO  ~  0, 

le  first  and  secontl  terras  representing  half  the  vahie  of  the  pn^lucL 
OT  p  -  0  and  p  =  n  re?^i)eetivt>ly. 

There  is  no  correspomling  snmniation  theorem  in  tho  case  of  the 
pinctions  Q^ ,  aiitl  the  application  of  the  method  of  lea^t  squares  lettdi 
Id  a  eeriefi  nf  normal  equations,  each  of  which  contains  (til  the  other 
loefficients.  This  has  been  ono  of  the  great  practical  difficulties  in 
Ibtaining  an  expression  for  the  series  of  spherical  bnrmonica  for  the 
|arth'a  magnetic  potential, 

F.  E,  Neumaini  Las  tricrl  to  overcome  the  difficulty  by  calculating 
loeflicients  ^r^  n-^  .  ,  .  fiy  in  such  a  way  that 


Here  fii^  ^»  ,  ,  ,  i^^  are  the  quantities  for  which  the  values  of  the 
li  met  ion  to  be  represented  are  Icnown*  Neumann's  process  is  equiva- 
bnt  to  attachinic  weighta  proportional  to   a^  to  the  different  ohser- 
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Whdn  it  18  therefore  desired  to  retain  only  terms  as  far  as  the  nth 
degree,  the  Fourier  coefficients  need  only  be  calculated  as  far  as 
jp  =  fi+l.  The  position  of  the  earth's  magnetic  axis,  e,g,,  only 
depending  on  the  terms  of  the  first  degree,  is  completely  determined 
by  the  coefficients  ba  f or  <r  =  0  and  a©,  0-2  for  cr  =  1. 

3.  Tlie  symbolical  representation  of  the  results  of  this  paper  is  much 
facilitated  by  the  introduction  of  a  separate  symbol  for  the  product  of 
alternate  factors,  «.n-2.n-4...  1,  if  n  be  odd,  or  n  .  n  -  2 
...  2  if  n  be  odd.  I  propose  to  write  n  ! !  for  such  products,  and  if  a 
name  be  required  for  the  product  to  call  it  the  "alternate  factorial " 
or  the  "  double  factorial."  Full  advantage  of  the  new  symbol  is  only 
gained  by  extending  its  meaning  to  negative  values  of  n.  Its  complete 
definition  may  then  be  included  in  the  equations 

n!!  =  n(»-2)!!,         !!!  =  !,        2!!  =  2. 
From  this  we  may  derive  when  n  is  negative  and  odd 

while  for  n  negative  and  even,  the  factorial  becomes  infinitely  large. 

4.  The  calculation  of  the  factors  A;  and  Bj  depends  on  the  values 
of  the  definite  integrals 

V 

I  Qjcos;?^(//i,  j  QZ^iri  pOdfi, 

-1  -1 

And  these  may  lie  mixde  to  depend  on  the  values  of  the  integrals 
+  1  +1 

I  Q;  sin  ^OdfA        and       I  /xQj  sin  ^OdfA . 
-1  -1 


) 


+1 


It  is  proved  that 
1 

O'ftinx/j;  (/i  +  cr-l)!!(<r  +  X)!!(7i-X-2)!l     ..  , 

.  VK  8in  ^OduL  =  c ) ---; — ^ — -f— > r^ — -(-  ,  if  n  -  (r  be  even, 

=  0  if  n  -  (T  be  odd, 

/^QlainWa  =  c  -J^f^y-  (^  +  ^)M?^^- g)]j_„  ,  if  „-<rbeodd, 
f^       ^(n-(r-l)!!((r-\-2)!!(n  +  \  +  2)!!'  * 

=  0  a  n-o-he even. 

^0  factor  c  is  equal  to  2  or  to  tt  according  as  <r  +  X  is  even  or  odd. 
^'  The  integrals 


-1 


+1 

-1 


\^ 


Prol  A.  SchuBter, 


[May  at>. 


obtained  in    tbe    form   of   a   series  having  a  finite  ti timber  of 
S,  To  find 

Q^^  sin  p0d ft.      and      |  Q^  cos  f>5*l/*, 

may  eithei-  expresg  Q^  or  the  trigonometrical  functions  in  term^  of 
beries  of  powers  of  sin  0,    The  second  alternative  leads  to  results 
liich  in  general  are  more  eonvenieut* 
1  If  we  pnt 


IBq  =  1 ;       Bj  =  ;(*;       Itj 


A!     (iJ-A)It     ' 
1.2 


B.  ^  f-a-J'.p  +  g 
^  1,2.3 


g    ^    1    (p  +  A-1)!! 
*       X^i^-X-l)!!' 
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the  longitude,  tbe  results  of  the  investigation  may  be  put  into  the 
fofrm 

<7j  =       2    rtj*^>  when  n  is  even,  o-  odd,  and  p  odd. 

=       2      <<     „     n  „  odd,   ir  „       „    ;»even. 

=       2      6pWin     „     n  „  even,  (r  even,  „   j[>  odd. 
p  =  i 

=       2      6J  <      „     n  „  odd,   cr  „       „   p  even. 

In  these  equations  the  factors  a^hl  are  the  coefficients  of  the 
Fourier  series  (see  §  2),  and  the  quantities  rj,  nj,  wf,  «;  are 
numerical  quantities,  which  (as  well  as  their  logarithms)  are  given  in 
tables  at  the  end  of  the  paper  as  far  as  n  =  12,  o-  =  12,  ^  =  12.  By 
means  of  these  tables  the  numerical  work  is  reduced  to  a  minimum,  and 
the  coefficients  of  the  series  may  be  obtained  as  far  as  terms  of  the 
12th  degree. 

8.  The  proposed  method  is  specially  adapted  to  deal  with  problems 

like   that   of    terrestrial    magnetism,  in  which   the   fimction  to   be 

obtained  as  a  series  of  spherical   harmonics  is  not  given  directly, 

but  by  means  of  its  differential  coefficients.     The  force  directed  to 

the  geographical    north   may   by  Fourier's  analysis  be  obtained  as 

a  sum,  the  terms  of  which  have  the  form  cos  o*^  cos  p6,  and  sin  (r<^ 

QQApB  when  <r  is  even,  and  the  form  cos  er<^  sin  p6^  sin  er</>  sin  jt?^  when  o- 

is  odd.   Integrating  with  respect  to  6,  the  magnetic  potential  is  obtained 

in  a  form  such  that  the  transformation  into  the  series  of  spherical 

harmonics  may  be  proceeded  with.     A  separate  expression   of  the 

magnetic  potential  is  derived  from  the  force  directed  to  the  geographical 

east. 
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|ContributioiiK  to  a  Tlitjory  of  tlie  Gapillavy  Elec-truuiet^r.  IL— 
On  an  Impmved  Form  of  luisLrunieiiL"  By  Geokgk  J. 
IJuROH,  M.A.  Oxon.,  F.E.S,,  Lecturer  in  Pliysie^,  University 
College,  Eeadin^.  Eeceived  September  26, — Read  November 
20,  1902. 


During  the  sixtoon  yeav^  that  I  have  worked  with  the  capillary 
lecfcrometer  I  have  had  ocuasjon  to  malce  between  150  and  200  ins  tin- 
pentfi,  and  have  there fortj  given  naturally  a  good  rleal  of  thought  to 
lie  problem  of  it«  con  struct  ion.  I  have  used  oleven  different  fomia, 
liree  of  which  are  figured  in  my  little  hook  uti  the  *  Capillary  Elee- 
roraeter  in  Theory  and  Practice/  reprinted  from  *  The  Electrician/ 
^96.  A  fourth  is  in  use  in  the  Physiological  Laboratory*  Oxford ^  for 
lie  research  on  nerve  iu  which  Profeissor  Uotch  and  I  bive  been 
[igagod,  and  is  in  fact  the  inipro^'ed  form  referred  to  on  page  d  of  my 
[)ok. 

It  may  be  of  interest  to  indicate  briefly  the  points  that  must  be 
hserved  in  the  tie  sign  of  the  instrument. 
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ence  has  shown  that  capillaries  are  less  liable  to  become  sticky  with 
much  add  than  with  very  little.  The  only  objection  to  this  type  is 
the  difficulty  of  adjusting  the  capillary  in  so  small  a  trough.  The 
operation  has  to  he  effected  under  the  microscope  and  is  both  delicate 
and  tedious.  When  it  has  been  completed  the  definition  is  perfect, 
and  the  instrument  not  unduly  fragile.  But  in  order  to  clean  it  the 
same  process  has  to  be  gone  through  again. 

I  therefore  determined  to  try  an  entirely  different  plan,  on  which 
the  safety  of  the  capillary  should  depend  not  on  the  rigidity  of  the 
supports  by  which  the  trough  was  fixed,  but  on  their  perfect  flexibility 
and  on  the  use  of  a  trough  so  light  that  its  entire  weight  might  even 
lie  borne  by  the  capillary. 

Fig.  1  is  a  perspective  diagram  of  the 
instrument  in  its  final  form,  and  figs.  1*, 
a,  hy  c,  and  d,  show  the  details  of  the 
trough  which  is  the  essential  part.  The 
support  A  is  cut  from  a  solid  block  of 
el>onite  9  cm.  long,  5  cm.  wide,  and 
2  cm.  thick.  It  is  first  cut  to  shape, 
holes  drilled  for  the  binding  screws  K 
and  F,  and  the  piece  B  then  separated 
from  it  by  two  saw-cuts. 

V-shaped  grooves  are  cut  to  receive 
the  capillary  C,  which  is  firmly  clamped 
under  B  by  E  and  F.  The  longer  liml) 
of  the  U-tube  D  passes  through  a  hole 
drilled  lengthways  through  the  lower 
end  of  A,  which  is  slit  about  half  way 
up  with  a  wide  saw-cut,  so  that  it  may 
be  pinched  together  by  the  screw  G. 
Adjustments  for  setting  the  capillary 
at  right  angles  to  the  optic  axis  and 
parallel  to  the  slit  of  the  photographic 
recording  apparatus,  are  provided  for  by 
the  stout  brass  plate  K,  bent  at  right 
angles,  one  end  of  which  is  fastened  by 
a  binding-screw  at  L  to  the  back  of  A, 
and  the  other  by  a  similar  screw  M  to 
the  adjustible  stand  of  the  projection  microscope.  The  brass  plate 
K  is  so  shaped  that  there  is  a  space  of  about  3  mm.  between  it  and 
the  left-hand  side  of  the  ebonite  support  A,  in  order  to  leave  room  for 
the  adjustment  of  the  latter  about  L  as  a  centre. 

The  construction  of  the  trough  is  shown  in  the  full-size  diagrams, 
figs.  2,  a,  ft,  c.  A  piece  of  mica,  such  as  is  used  for  lamp-shades,  is  cut 
to  the  shape  a,  with  a  pair  of  scissors.     Two  or  three  thickxio^^  xaKj 


Fig.  1.— Half  full  size. 


Mr,  O.  rJ»  Bvircli.     GoiUrihittwrm  to 


[Sept  26, 


I  talcen  if  one  is  not  enough-     Four  holes  are  drilled  with  a  needle  in 

be  positions  shown.     A  thin  piece  of  the  host  clear  mica  iu  then  laid 

i\  i>afl  of  blotting  paper,  the  piece  n  placed  on  it,  and  four  corn?- 

ponding  holes  pricked  through  with  the  needle,  the  pie^^e  l>eing  after- 


— 

C-o 


u 


o-O 


9 


Fig*  S.^ff,  J,  and  r^  fall  ntjse  j  if,  about  twice  full  ei^e. 


[arda  cut  to  the  shape  k    YhniWy^  a  and  h  are  fastened  together  by 
little  loopg  of  Xo,  30  platinum  wire^  and  the  whole  trimmed  tu 
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tilted  back  during  each  alteration.  When  these  adjustments  have 
been  made,  the  inside  of  the  trough  is  wetted  by  touching  it  with  a 
glass  rod  dipped  in  dilute  sulphuric  acid  of  25  per  cent.,  and  the 
apparatus  is  tilted  forwards  until  the  wet  trough  swings  against  the 
capillary,  and  sticks  to  it.  A  piece  of  thin  cover-glass — or  of  mica  if 
very  high  powers  are  to  be  used — slighly  wider  than  the  trough,  is 
picked  up  with  a  pair  of  fine  forceps,  wetted  on  one  side  with  the  acid, 
and  placed  carefully  against  the  trough,  to  which  it  adheres,  holding 
it  firmly  against  the  capillary,  the  lower  edge  of  the  glass  resting 
against  the  platinum  loops  with  which  the  trough  is  fastened  together 
(see  fig.  2,  f). 

The  U-tube  is  then  tui'iied  Y>ack  into  position,  cautiously  raised  imtil 
the  lower  edge  of  the  glass  just  dips  into  the  acid,  and  clamped  by  the 
screw  G.  Finally  the  trough  is  gently  shaken  or  pushed  to  and  fro  in 
the  plane  of  the  mica,  until  the  acid  rises  in  it  to  the  required  height 
and  all  bubbles  are  expelled. 

The  trough  is  held  together  so  firmly  by  siu^face-tension  that  it  seems 
at  first  sight  a  difficult  matter  to  take  off  the  cover-glass  without 
breaking  the  capillary.  It  may,  however,  be  done  with  the  greatest 
ease  as  follows :  The  screw  G  is  loosened,  and  the  U-tube  D  drawn 
down  and  turned  aside.  A  small  beaker  filled  with  water  is  held  in 
its  place  and  raised  until  the  trough  H  is  completely  immersed,  when 
the  slightest  movement  causes  the  glass  to  fall  off.  The  apparatus  is 
then  tilted  back  so  that  the  trough  swings  clear  of  the  capillary,  which 
may  be  washed  or  even  wiped,  and  the  trough  dried,  replaced,  and  a 
new  cover-glass  put  on,  in  less  than  three  minutes. 

The  definition,  with  these  electrometers,  is  perfect.  The  capillary 
touches  the  cover-glass  thioughout  its  length,  so  that  any  dry  objective 
can  be  used.  The  microscope  should  not,  however,  be  left  fociisserl 
on  the  capillary,  lest  the  acid  should  chance  to  get  between  the  objec- 
tive and  the  cover-glass — an  accident  which  I  have  known  to  happen 
in  very  damp  weather. 

My  only  fear  in  designing  this  instrument  was  lest  contact 
'rtth  the  mica  should  contaminate  the  acid  and  so  spoil  the  tubes. 
There  does  not,  however,  seem  to  be  any  such  effect.  I  have  had 
^ine  mica  troughs  in  use  for  nearly  three  years,  and  have  never  once 
^^n  troubled  with  a  sticky  capillary,  and  even  with  induction  shocks 
they  will  stand  more  than  the  old  type  on  account  of  the  larger 
quantity  of  acid  in  the  U-tube.  They  are  easier  to  make  than  my 
^M  "  normal  type  "  on  accoimt  of  the  straight  capillary,  and  so  far  as 
^  can  judge  they  seem  likely  to  supplant  both  it  and  my  previous 
projection  electrometer. 


10G 


MiBfl  I-^e,  Mim  Lewu^a^,  and  Prof,  Peareoii.        [Nov.  3, 


■^  On  tlie  Coriipliition  of  the  Mental  and  Tliy^iical  Characters  in 
Man.  Tart  11."  Py  Atjce  Lkk,  D.Sc,  Maiuk  A.  LK^^^^% 
B.A.,  and  IvAML  pRAJEsox,  FJ;  S,  Peceived  Novemter  3, — 
Eead  NovenibLH-  !20,  PJ02. 

(1.)  In  a  first  paper  on  this  subject*  wo  ^ttve  a  hrkf  account  of  oiir 
material— Mifts  Bee  ton 'a  copies  of  the  Cnmh  ridge  n  nth  ropome  trie 
iiiuasuremeutH  m  ith  degrees  added  at  tbo  University  Registry,  and  the 
school  measurements  carried  out  by  assktance  from  the  Government 
Grant  Conmiittee.  This  material  will  take  ye^irs  to  exhaust,  but  the 
present  notice  gives  further  conr^iusians  to  lie  drawn  from  Dr,  Lee^a 
anfl  Mies  Lewenz'g  later  reduetious  from  this  great  mass  of  raw 
Ktatisties. 

(2.)  In  the  first  plaee  we  may  refer  to  eertairi  matters  which  arise 
directly  from  the  first  paper.  In  the  discusaion  which  followed  the 
reading  of  tljat  paper  it  was  suggested  tbat  we  ought  not  to  correlate 
in  tell ige nee  with  aL>solutc  measurements  on  the  head,  hut  with  their 
ratio  to  the  sijie  of  the  body.  The  answer  made  on  that  occasion  was 
haacd  on  data  not  then  published,  namely,  that  there  is  no  sensible 
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The  v's  and  the  physical  correlations  are  due  to  Dr.  W.  li  Mac- 
donell,*  raa  ran  were  given  in  our  first  paper,t  and  us  was  deduced 
from  the  following  fourfold  table : — 


(A.)  Intelligence:, 


Over  68"  . 

Under  60" 

Tot^ld 


Honours. 


Pass. 


244 
280 


258-5 


Totals. 


472-5 
538  -5 


524 


487 


1011 


n  r.s  were  really  sensible,  it  would  mean  that  honoiu^  men  were 
slightly  shorter  than  pass  men.  The  only  safe  conclusion  we  can 
few,  however,  is  that  stature  is  not  correlated  with  place  in  degree 
examinations. 

From  the  above  results  we  find 


ra.,  =  4-1435, 
Hence  we  have 

nR.,  =  0-0712, 


rn     =  4-5530. 


^•iR«  =-  0-0370. 


•Oiat  is  to  say,  the  correlations  of  intelligence  with  the  ratios  of  length 
^^  breadth  of  head  to  stature  are  slightly  smaller  than  the  correla- 
^ons  of  intelligence  with  the  absolute  head-measurements.  The  result 
Fedicted  from  the  smallness  of  >;s  in  the  discussion  on  the  paper  here 
Reives  its  exact  numerical  confirmation. 

(3.)  Since  our  school  measurements  were  started,  MM.  Vaschide,  and 
Metier  have  published  in  the  *  Comptes  Kendus '%  a  statement  that 
although  unable  to  find  any  relation  between  intelligence  and  length 
or  breadth  of  head,  they  consider  a  relationship  to  hold  between  intel- 
%ence  and  the  auricular  height  of  hciid.  Their  process  was  of  the 
following  kind.  They  asked  the  school  teacher  to  select  ten  intelligent 
^'^d  ten  non-intelligent  children,  and  then  measured  the  heads  of  these 
'^0  sets,  and  found  their  means.  This  was  done  for  groups  of  three 
*ge8  in  boys  and  two  ages  in  girls.  The  probable  errors  of  the  differ- 
ence of  the  means  of  ten  observations  are  not  considered,  and  by 
e^tly  the  same  process  that  they  reason  that  the  auricular  height  is 
Peater  for  the  more  intelligent  children  they  might  have  deduced 
»fom  their  statistics  that  intelligent  girls  of  1 1  years  have  lower  heads 

•  *  Biometrika,*  vol.  1,  pp.  188-9. 

t  'Boy.  See.  Proc.,'  vol.  GO,  pp.  385-6. 

X  *  Comptes  Bendue,'  Paris,  vol.  133, 1901,  pp.  551 — 55S. 


Ktl^  ^^1'^"'''''"  slurtlcl  tWeory.       ,005  boys,  ^^-^ 


1^7  Yiiu^*  * 
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and  half  physical,  they  give  with  an  equal  weight  the  definite  result 
that  there  is  no  marked  correlation  between  intelligence  and  the  size  or 
shape  of  head  in  children. 

(4.)  While  it  seems  desirable  later  to  investigate  specially  the  Cam- 
bridge data  from  the  standpoint  of  the  subject  studied,  as  well  as  degree 
taken,  we  complete  at  present  the  list  of  other  physical  correlations 
with  intelligence  on  the  simple  basis  of  honour  and  pass  degree 
groups. 

The  following  are  the  tables :-  - 

Intelligence  ami  Strength  of  Pidl, 
(C.)  First  Grouping, 


Honours. 


Pass. 


g  I  Above  84  lbs |         251  256  -5 

(S    Bolow  84  lbs I         273         I       229  '5 

I  Totals 524  486 


Totals. 


507-5 
502  5 


1010 


(D.)  Second  Grouping. 


Honours, 
let  class. 


Above  84  lbs ;  75 

Below  8i  lbs j  73 

Totals 153 


Honours,  2nd, 

3rd  classes, 

and  Pass. 


432 -5 
424-5 


857 


Totals. 


507-5 
502*5 


1010 


Intelligence  and  strength  correlation  is  from  the  first  grouping 
-  0'0765,  and  from  the  second  -  0-0199.  Thus  it  would  appear  that 
from  either  grouping  the  honours  men  have  slightly  less  strength  of 
pull  than  the  pass  men,  but  as  even  this  small  amount  is  decreased 
when  we  group  the  first  class  men  only  together,  such  inferiority  as 
there  is  seems  to  lie  in  the  second  and  third  class  honours  men.  Taking 
the  average,  we  may  say  that  there  is  a  negative  correlation  of  -  0*0482 
Ijetween  intelligence  and  strength  of  pull.  The  probable  error  of  the 
result}  about  0-035,  shows  that  very  little  weight  can  be  attached 
to  it. 
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(E.)  InklHgmm  and  Strtngfh  of  Squeeze, 


Honours. 

Pftu. 

TqM». 

l^olow  S5  lbs 

236-5 

282 '5 

255-5 

;        464 
S38 

Tl>t4ll«,,  ..,.., 

519 

483 

I 

The  coTTclatioii  between  intelligence  and  strength  in  this  case 
=   -0^0242. 

This  result,  although  it  i&  less  tfaatt  ita  probable  error,  m  »gHiii 
negative. 

(F.)  TnteUigence  ami  Sighf, 

This  is  judged  in  the  Cambridge  Antbropometric  Laboratory  by  the 
I  distance  at  which  the  test  type  can  be  rcaii. 


Eight  eya. 


Hojjuur. 


Pais. 


Totals. 
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Now,  it  has  sometimes  l^een  argiied  that  in  any  investigation  of  this 
kind,  it  is  desirable  to  take  not  absolute  weight,  but  its  ratio  to 
stature  or  some  power  of  stature.  Let  W  =  weight,  S  =  stature,  and 
a  =  any  power ;  let  Bn  =  W/S'*,  and  t;  be  a  coefficient  of  variation, 
and  r  one  of  correlation,  t  standing  for  intelligence. 

Then 

*u.  =  *w  +  "*^|-2nt;wrs»sw  (i), 


'Vu.  = 


V\\ri\y  -  7trsris 


But 


^•lu 


(ii). 


rs  =    3-6958,  rsw  =  0*4860, 

rw  =  10-8300,  nw  =  0-0459, 

r/g  =  -  0-0058, 

from  results  already  given  for  the  Cambridge  data.    Hence,  calcidating 
«iufrom  (i)  for  n  =  1,  2,  and  3,  we  deduce 

''iB,  =  correlation  of  intelligence  with  ratio  weight  to  stature  =  0-0540, 
^^  =  „  „  „  (stature)-  =  0-0555, 

^i^  =  „  „  „  (stature)^  =  0-0503. 

There  is  no  substantial  difference  between  any  of  these  correlations 
^d  that  for  intelligence  and  absolute  weight.  As  they  were  found 
^directly  by  formidce,  it  seemed  desirable  to  test  at  least  one  of  them 
^f^tly.  Accordingly  Miss  M.  Beeton  found  the  ratios  of  weight  per 
''^ch  of  stature  for  1012  Cambridge  men.  The  resulting  table  was 
*  follows  :— 


(H.)  Intelligence  arul  IFeujht  per  inch  of  Stature, 


! 

Honours. 

Pass. 

Totals. 

!    Oyer  2  224  lbs.  per  in 

■■    Under  2  '224  lbs.  per  inch   . . 

258-5 
265  -5 

222 

266 

480-5 
531-5 

Totals 

524 

i 

488 

1012 

The  distribution  is  sensibly  the  same  as  that  of  the  tal»le  for  abso- 
"^te  weights,  and  the  correlation  comes  out  0*0604,  i.e,,  it  differs  only 
*^y  0-0064,  or  about  one-fifth  of  the  probable  error  from  the  value  of 
^^e  correlation  obtained  indirectly. 

We  may  then,  I  think,  conclude  that  whether  we  tike  absolute 
^eights  or  the  ratio  of  weight  to  stature,  honours  men  are  slightly 
iearicr  than  poll-men.  Sumramg  up  the  whole  of  our  examination 
tbiu  far  of  the  Cambridge  measurements  we  may  say  that  *. 


1 12  Miss  Ijee,  Mibb  Ijewenz  aad  Prof,  Pearson,       [Nov,  3, 

Tlif  honoitrs  mcn^  and  presnmuhhj  iltenfore  t}te  itm*c  MelUgnit  clasBt  are 
*  ^lightft/  headfjt  ami  have  ^liifhihi  imigtr  awf  bemder  }hetid$  ;  ifistf  are  twi 
ffidfr  an  tall  m/r  its  afrOHtjj  ichdhet  stre}igt}i  Itc  attitsared  by  ^mll  w  stputze^ 
and  are  dighthj  shorUr-d^jhied  than  tk^.  jjoU-tti^Tit  or  p^^mtniahli/  the  lei<s 
infftligt'nt  dasi^.  In  no  sinffh  ra^e,  hmverer^  lit  the  cwrclatmi  hetw^n 
ifdf'Uujf'Hi'r  and  ih*  phijdcal  clutrark/if  m^nr/tth/  hu*g€  to  tmihh  as  fo  group 
ihr  hmumrs  men  (W  a  differentiai&i  phtjdcid  vlas»^  or  to  predict  iiith  even  *i 
modnaif!  drgrev  af  pfohabiiiiij  intelhchuil  eapttdti/  from  the  phif dent  charudrrs 
of  the  indumlnah 

(5.)  While  the  above  and  the  previously  pulilisbed  reaulta  exhamt 
the  C' am  bridge  data,  sa  long  as  we  preseri'e  the  division  into  honoui^ 
and  poll-men,  much  more  remains  to  !>e  done  on  thie  material  when 
we  consider  subject  groupings  among  the  Cambridge  gradnateSj  or 
vvheij  we  turn  to  the  much  wider  range  of  both  physical  and  mental 
characters  recorded  In  our  school  measurements. 

A  preliminary  iTiqiiiry  T^n.}\  however,  be  rccoriled  hero  as  bearing 
upon  a  rather  vexed  question  at  the  present  day,  namely »  the  relation 
ui  athletics  to  health  and  intelligence,  Fn  our  school  measurementa 
we  had  three  categories  ;  Health — di^  ided  into  the  classes  :  Vertf 
Strmiffj^  Strong,  Nantmlhj  Hmlthj^  Itaihn  IMieute^  Venj  DeUmtt.  Ability 
or  Intelligence — was  divided  into  six  classes  :  ijuiek  InteUigfnt,  InUIH- 
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The  correlation  dividing  at  the  Strong  is  00820. 

The  mean  of  the  other  divisions  (i)  dividing  at  the  IMUnf*',  and  (ii) 
putting  the  Slvw  Intelligent  with  the  LMlujfnf,  gave  0  0835.  We 
conclude,  therefore,  that  there  is  a  sensible,  but  not  marked  correla- 
cion  between  good  health  and  intelligence. 

Taking,  however,  hsalth  and  athletics  we  have  the  table  : — 

(J.)  Health  and  Athletics,     1743  Boys, 


Very 
strong. 


«'-8-jh°eS?S^ 


I  Athletic 

.  Non-athletic 


91 
9-5 


I  447-5 
!     98  -5 


497-5 
293-5 


Rather 
delicate. 


Very 
delicate 


Totals. 


100-5 


546 


791 


120 
166-5 

3 
16 

286*5 

19 

Totals. 


1159 
584 

1743 


I 


The  correlation  between  healthy  and  athletic  dividing  between  Strony 
aud  Normally  liealthy  is  =  0*4570,  a  very  marked  relationship. 
Next,  taking  intelligence  and  athletics,  we  find : — 


LUelligence  and  Athletics. 

1708  Boys, 

Quick 
intelligent. 

Intelligent.  j^,SIow^, 

a»^«       Slow 
S**^^-      dull. 

Very  ' 
dull. 

Totals. 

^Uletic...!       159-5 
•^on-atbletiCj         46 

421 -75     1      355 '5 
163  -25     j      187  -5 

158 -75  1  40-5 
99-75;  48-5 

12 
15 

1148 
560 

1  totals I       205-5 

585           1       543 

258-5     89 

27 

1708 

tWviding  between  intelligent  and  slow  intelligent  we  find  the  corre- 
^^-^ion  between  intelligence  and  athletic  character  is  0*2133. 

Thi^  result  may  be  exhibited  also  in  the  percenUiges  of  athletic  and 
^'^ti-athletic  boys  who  fall  under  each  class  of  intelligence : — 


Percentages  of  Athletic  ami  Nan-athletic  Boys  under  each  grade  oj 
IntelligeMe, 


Quick 
'  intelligent. 


ithletio... 
ICon-athletic 


YOL^LZZI. 


14 
8 


InteUigent. 


37 
29 


Slow 
intelligent. 


Slow.      Slow  dull.  I 


Verv 
dull. 


31 
32 


13 
18 


K 
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The  relationship  hetweon  keenness  for  combined  with  capacity  in 
games  nnd  general  intelligence  is  here  manifesL 

Certain  other  correlations  with  the  athletic  character  may  be  ]ust 
noticed  without  giving  the  tables.  The  athletic  boy  is  popular 
{0'3250)  and  noisy  (0*3452),  and  this  although  popularity  is  not  foiuid 
to  l>e  directly  correlated  with  noise.  He  is  slightly  self-conscious 
(0"0761),  and  is  more  likely  to  be  f^urthan  dark  (0*039 1),  His  temper 
tends  to  be  quick  rather  than  siillen  (0  "2207)1  as  the  following  tuble, 
baaed  on  16C4  Ck^ises,  will  show  ; — 


Pmxtmto^ffs  ofAthlHk  to  No^nraQ^ik  Botfsf&r  f^h  Tfim]m\ 


Quick  tempered. 

Goad^natiifed. 

Sullfln. 

AUiletic    

Non- athletic. . , , « * 

21 
IS 

6S 
74 

11 
14 

To  sum  up,  then  r  While  the  intelligent  are  only  sU^hilif  the  more 
hy,  the  athletic  are  nohihhj  the  more  honlthy  clement  in  the  com- 
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*•  Note  upon  Descending  Intrinsic  Spinal  Tracts  in  the  Mammalian 
Cord."  By  C.  S.  Sherrington,  M.A.,  M.D.,  F.E.S.,  and  E.  E. 
Laslett,  M.1).  Vict.  Eeceived  Xovember  5, — Kead  Novem- 
ber 27,  1902. 

In  the  course  of  experiments  upon  the  paths  of  nervous  conduction 

in  the  spinal  cord  of  the  mammal,  one  of  us  observed*  very  numerous 

and  wide  departures  from  the  fourth  so-called  "  law "  of  Pfliiger*. 

That  "  law "  states   that   "  Reflex-irradiation  in  dem  Riickenmarke 

nach  Oben,  resp.  Vorn,  gerichtet  ist ;  also  gegen  die  Medulla  oblou- 

gata.**!    The  observation  of  the  above-mentioned  exceptions  rendered 

desirable  a  search  for  more  detailed  evidence  of  intrinsic  spinal  paths 

ninning  in  the  aboral  direction.    We  therefore  set  about  inquiring  into 

the  existence  of  spinal  paths  connecting  the  activity  of  segments 

rituate  nearer  the  head  with  segments  lying  further  from  the  head. 

Such  evidence  is  obtainable  with  some  experimental  difficulty,  but  it 

has  been  eventually  forthcoming,  and  amoimts  to  demonstration  of  the 

niicroecopic  course  of  the  channels  involved.     It  is  some  main  features 

of  these  latter  that  we  desire  to  record  in  the  present  commimication. 

Method. 

The  method  employed  has  been  that  of  the  Wallerian  nerve-fibre 
^generation,  but  with  a  novel  feature  in  the  mode  of  application  of 
^  method.  For  the  piu*pose  in  view  the  ordinary  establishment  of  a 
<5f088-le8ion  in  the  spinal  cord  is  futile.  The  secondary  degeneration 
w^en  produced  befalls,  in  the  spinal  region  under  investigation,  all 
^nre-fibres  having  their  perikarya  head  ward  of  the  cross-lesion, 
^kether  those  peiikarya  lie  in  the  cerebi'al  hemisphere,  basal  ganglia, 
l^d-brain,  cerebellum,  bulb,  or  cord  itself.  It  is  obviously  then 
^possible  to  identify  which  particular  ones,  if  any,  of  the  degenerate 
Derve-fibres  are  coming  from  the  cord-segments  whose  nerve-tracts 
*fe  the  special  object  of  inquiry.  To  obviate  this  difficulty,  we  have 
*<^opted  a  method  which  may  be  termed  a  method  of  "  mcressive 
^O^nenition"  The  method  consists  in  producing  two  or  more  succes- 
^^e  degenerations  with  allowance  of  a  considerable  interval  of  time 
^tween  them.  In  the  piece  of  cord  to  be  examined,  a  first  degenera- 
^on  ig  allowed  time  enough  to  remove  all  the  tracts  descending  from 
^^Urces  other  than  those  the  immediate  object  of  inquiry.  This  is  a 
t^'^edure  which  requires  in  our  material,  at  shortest,  9  or  10  months 
^  complete.     When  the  time  is  complete,  the  cord  is  left,  as  it  were, 

•  "Croonian  Lecturo/*  'Phil.  Trans.,'  B,  1897. 

t  'Die  senforischen  Functionen  des  Ruckenmarks  der  Wirbeltliiere,  nebst  einer 
Jteaen  Lehre  fiber  die  Leitungsgesetze  der  Beflezionen  '  (p.  73),  Berlin,  \^o^. 
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like  a  cleaned  iktcj  on  whicb  once  more  a  tiew  degeneration  can  be 
written  wiltiout  fe^ir  of  con  fusion  with  a  previous  one*  The  cord  ia 
then  ready  for  receiving  the  lesion  which  shall  catise  degeneration  of 
the  particular  tracts  whose  cxi.^tence  is  suspected.  After  a  period 
isnitable  for  the  fidl  development  of  the  new  degeneration,  the  cord  is 
treated  histologically  hy  the  Marehi  method ,  and  the  microscopicjil 
examination  proceeded  to.  This  methotl  resembles  in  principle  a 
method  employed  with  noteworthy  results  by  Miinzer;*  This  author 
performed  on  thtj  new-}>orn  I'abbit  a  first  lesion  (cjj.i  removal  of  one 
cerebral  hemisphere^  injury  of  mid-brain  or  cord),  antl  later,  in  the 
animal  when  grown,  proceeded  to  establish  a  new  lesion  which  was 
thus  uncomplicated  by  the  pu-t  already  sepan^ted :  thus  "G addenda 
afjmimc  atrophy "  was  made  to  precede  the  degeneration  desired  for 
study. 

One  of  the  experiments  made  by  M linger  and  Wiener  (1805)  deals 
with  the  problem  undertaken  hy  ourselves,  Afl-er  semi-ecetioti  of  the 
spinal  cord  of  the  new-born  rabbit  at  the  last  dorsal  segment,  they  per- 
formed total  transection  two  segments  further  back  when  the  animal 
was  grown.  Behind  the  second  section  they  found  *^  as  many  fibres 
degenerate  on  the  semi-sectod  side  as  on  the  intact  side/*   If  not  **  deeus- 
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the  cord  is  ripening  for  the  second  operation.  We  have,  however, 
obtained  thirteen  successful  complete  experiments :  in  these  the  shortest 
interval  has  been  260  days,  the  longest  568  days.  Among  these  is 
included  two  in  which,  for  special  reasons,  the  partial  cross-lesion  of 
the  cord  was  made  precedent  to  the  total  transection. 


Results. 

The  spinal  segments  examined  as  sources  of  aborally-running  fibre- 
systems  have  been  posterior  cervical,  anterior  thoracic,  mid  thoracic, 
posterior  thoracic,  and  anterior  lumbar.  From  all  these  regions  our 
experiments  demonstrate  that  copious  aborally-running  fibre-systems 
spring.    Thus,  the  accompanying  fig.  1  shows,  for  instance,  tracts  of 

fibres  in  the  5th  lumbar  segment  which  have  their  origin  in  cells  of  the 

2nd  thoracic  segment. 


^•-section  of  the  cord  of  the  dog  at  a  level  in  the  anterior  part  of  the  5tli 
Inmbar  segment ;  Marclii  preparatiou.  The  section  reveals  the  topography  at 
that  level  of  the  aborally-running  libre.system  of  the  Ist  and  2nd  thoracic 
segments.  The  8th  cervical  segment  of  the  cord  liad  been  completely  exsected 
and  ablated.  A  partial  translesion  (rather  more  than  a  semi-section)  ^as  made 
the  left  half  of  the  3rd  thoracic  568  days  subsequent  to  the  removal  of  the  8th 
segment.  The  exact  extent  of  this  second  lesion  was  determined  subsequently 
by  microscopic  examination  in  serial  preparations,  and  its  limits  will  be 
described  and  figured  in  a  fuller  communication.  The  dots  indicate,  in  a  way 
mentioned  in  the  text  (p.  120),  the  density  and  extent  of  the  degenerate  tracts 
of  ilbref.    L  »  left  tide ;  B  =»  right  side. 

Speaking  generally,  of  the  fibres  composing  the  aborally-running 
systems   springing   from   the  grey  matter  of   the  spinal  aegmeivl^ 
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lexAvniined,  we  find  there  may  l>e  distingtiished  two  sets.  For  physio- 
liogiciil  description  it  in  in  jaonie  ways  convenient  to  regard  the  length 
I  of  the  Bpinid  cord  rts  divi.siltle  into  regions;  thus,  a  brachialfor  the 
I  fore  limb,  a  thoracic  for  the  tnmkj  a  crnral  fop  the  hind  limb,  a  pelvic 
I  for  pelvic  organs,  a  caudal  for  the  tail,  and  so  on*  A  reflex  initiated 
In^  an  afferent  path  of  one  such  spinal  region  mny  evoke  its  peripheral 
I  effect  hv  efterent  paths  of  a  spinal  region  other  than  that  to  which  the 
I  original  entrant  patb  belongs.  Such  a  reflex  haa  in  a  former  paper  by 
lone  of  lis*  been  termed  a  "  long '*  spinal  re  Hex,  in  contradistinction 
Ik)  re  Hexes  whose  centripetal  and  centrifugal  paths  both  l>e1ong  to 
lone  and  the  same  spirml  region.     The  latter  reflex  it  w?ts  proposed  to 

term  "  short/ 't  Analogously,  in  the  aborally-mnning  fibre-system b  of 
I  the  spinal  segments  examined^  by  our  experiments  fibres  of  two  cate- 
I goriest  are  found,  one  a  set  passing  l>eyond  the  limits  of  the  spinal 
I  region  in  which  they  arise,  the  other  not  passing  lieyond  those  limits. 
I  The  former  we  would  term  ^*  long  spinal,"  the  latter  **  short  apinal'* 

fibres.     In  each   of  these  main  categories  there  can  be  distinguished 

fibres  of  various  intermediate  leTigth. 

Again,  the  fibres  of  each  of  the  above  two  categories  may  be  clas- 
Isified  into  two  sets  or  tracts,  according  to  their  topography  relatively 
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short  fibres ;  but  analysis  of  our  material  makes  us  hesitate  to  positively 
af&rm  that  it  is  true  for  all  of  them.  A  small  proportion  of  the  short 
fibres  may  decussate,  at  least  in  the  sense  that  short  fibres  arising  in 
perikarya  belonging  to  one  lateral  half  of  the  cord  may  find  their 
way  into  the  white  ventrolateral  columns  of  the  crossed  half.  Wc  do 
not  afBrm,  however,  that  any  of  even  our  "  short  "  fibres  do  decussate, 
we  simply  affirm  our  present  inability  to  deny  that  a  small  proportion 
of  them  may  do  so. 

Some  of  the  "  long  "  fibres  are  very  long,  both  in  the  lateral  and  in 

the  ventral  columns  of  the  cord.     Thus,  some  of  those  arising  from 

perikarya  in  the  6th  and  7th  cervical  segments  we  have  traced  into  the 

aacral  region,  i,e,^  through  nearly  thirty  spinal  segments,  both  in  the 

lateral  and  in  the  ventral  columns.     The  rule  pointed  out  by  one  of  us 

in  a  previous  paper,*  that  the  long  fibres  in  the  spinal  cord  tend  to  lie  . 

nearest  the  surface  of  the  cord,  is  well  exemplified  in  these  intrinsic 

spinal  systems. 

Besides  fibres  in  the  ventrolateral  columns  the   aborally-running 
fibre^y stems  of  spinal  origin  include  fibres  in  the  dorsal  columns. 

Fig.  2. 


'**^M.«ection  of  the  spinal  cord  of  tbe  dog  at  tlie  level  of  the  Ist  sacral  segment ; 
Marchi  preparation.  The  section  reyeals  the  topography  at  that  level  of  the 
aborallv-runiiing  fibre-sjstem  of  the  nerve-cells  of  the  1st  and  2nd  lumbar 
segments.  A  short  lenglli  of  the  13th  thoracic  segment  of  the  cord  had  been 
completely  exsectcd  and  ablated.  A  partial  translesion  (rather  more  than  a 
lemi-section)  was  then  made  through  the  riglit  side  of  the  2nd  lumbar  segment 
in  its  anterior  lerels  290  days  subsequent  to  the  total  exsection.  Ihe  extent  of 
this  second  lesion  was  accurately  determined  later  by  microscopic  examination 
in  terial  preparations ;  its  exact  limits  will  bo  described  in  a  fuller  communioa- 
tion.  The  dota  indicate,  in  the  way  mentioned  in  the  text,  the  density  and 
extent  of  the  tracts  of  degenerate  fibres.    L  —  left  side ;  B  =  right  side. 


*  *  Journ.  of  Physiology,'  vol.  14,  p.  298.    Cambridge  and  London,  1^^*^. 
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These  are  less  immerouB.  We  defer  detailed  description  of  ttem, 
together  with  further  detailed  description  of  the  ventraJ  and  lateral 
tracts  ahove-mentioned.  iHjtil  a  fuller  communication  dealing  with  the 
whole  subject.  The  general  features  of  the  topography  mn  lie  gathered 
better  from  the  two  accompanying  figures  than  from  any  even  lengthy 
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of  it.  Extreme  care  has  been  taken,  however,  to  make  the  number  of 
the  dote  bear  fairly  accurately  a  general  proportion  to  the  density  of 
the  degeneration,  and  the  same  proportion  in  one  drawing  as  in 
another. 


"The  Inter-relationship  of  Variola  and  Vaccinia."  .By  S.  Monck- 
TON  CoPEMAN,  M.A.,  M.D.  Cantab.,  F.R.C.P.  Communicated 
by  Lord  Listeu,  F.RS.  Eeceived  November  13, — Head 
November  27,  1902. 

f  The  term  "  variolae  vaccinae  "  employed  by  Jenner,  as  a  synonym 

for  cow-pox,  has  been  generally  accepted  as  affording  evidence  that 

in  80  naming  this  disease,  "  small-pox  of  the  cow,"  he  was  desirous  of 

placing  on  record  his  belief  that  cow-pox,  or  vaccinia,  was  intimately 

''elated  to  human  small-pox,  if  indeed  it  were  not  directly  derived 

^^om  it. 

This  theory,  however,  appears  to  have  found  but  scanty  favour  in 
•tenner's  day,  and  even  at  the  present  time  the  value  of  the  practice 
^f  vaccination  is,  by  some,  impugned  on  the  plea  that  inoculation  of 
^^6  disease — cow-pox — could  not  be  expected  to  exert  any  really  pro- 
^^ctive  influence  against  the  ravages  of  small-pox — a  disease  considered 
^y  them  of  totally  different  origin. 

In  the  hope  of  obtaining  definite  information  on  the  subject,  many 
^Ogervers,  during  the  long  period  which  has  elapsed  since  the  intro- 
duction of  vaccination,  have  set  themselves  the  task  of  attempting  to 
^^Ive,  by  experimental  methods,  the  problem  of  the  true  relationship 
^^    vaccinia  to  variola. 

These  attempts  have  been,   for  the  most  part,   directed   to  the 

*^^^^^8sibility  of  giving  rise  to  cow-pox  by  the  introduction,  in  one  or 

^^  other  manner,  of  the  virus  of  small-pox   into  the  system  of  the 

^^^vine  animal.     In  the  great   majority  of  such  attempts,  which  have 

^^«n  much  more  numerous  than  is   generally  supposed,  the  results 

^*^Te  been  entirely  negative,  although  so  numerous  have   been    the 

^^Tierimenters,  who  from  time  to  time  have  attacked  the  problem, 

*^€it  the  total  number  of  instances  in  which  an  apparently  successful 

^«5ult  has  been  obtained,  is  now  considerable. 

So  far  as  I  am  aware,  the  first  recorded  experiments  are  those  of 

^aasner  of  Gunsberg,  who,  in  1801,  succeeded,  after  no  less  than  ten 

*^tle88  attempts,  in  directly  variolating  a  cow  with  small-pox  virus. 

L        The  lymph  thus  obtained  was   employed  for  the  vaccination  of  four 

%       children,  from  whom  other  seventeen  were  subseiiuently  vaccinated. 

1       Kone  of  these  exhibited  any  signs  of  small-pox. 
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It  is  inipassihle^  here,  to  do  more  than  meutioa  the  names  of  other 
investigatois  who  have  engaged  in  research  of  this  nature  at  various 
tiniea  f loni  the  commencement  of  the  last  century  up  t^  the  presiieiit 
time.  I  therefore  merely  append  in  the  foot-note*  a  list  of  such 
names^  phieed.  a,s  far  as  possihh%  in  chronological  order.  It  h  a  note- 
worthy  fact  that  every  observer  mentioned^  with  the  exception  of 
Chauveau  and  his  colleagues  of  the  Lyons  CommissionT  and  Martin, 
claim  to  have  ohtairiedj  on  one  or  more  occasions,  positive  results  as 
regards  the  production  of  typical  vaccinia,  generally  after  one  or 
UKire  removes  fr^mi  the  animal  originally  variolated. 

But  it  niuiat»  1  think,  he  admitted  that  many  of  the  earher  experi- 
ments* more  ijarticularly,  are  practically  worthless  owing  to  the  con- 
ditions under  which  they  were  carried  out.  Some  of  the  main 
ohjectioTis  are  l>ased  on  the  frequently  concomitiuit  use  of  vaccine 
and  of  variolous  lymph  on  the  same  animal,  and  the  want  of  care  as 
to  the  cleanliness  and  freedom  from  vaccine  eontami nation  of  lanceta 
and  ^'poiiUs  "  used  in  the  experiments* 

As  regards  my  own  work,  airrled  out  on  similar  lines  to  those 
adopted  hy  previous  observers,  and  of  which  a  full  account  waa 
published  in   the   ^lournal  of  Pathology  and  Bacteriology, Mn   1894^ 
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present  paper,  my  attempts  at  direct  transference  of  human  small-pox 
material  to  the  calf  met  with  no  success. 

All  my  earlier  experiments  were  conducted  at  the  Brown  Institution, 
in  onler  to  avoid  any  possibility  of  contamination  with  vaccinia.  As 
a  further  precaution  new  scalpels  were  used,  which  were  invariably  first 
carefully  sterilised  in  the  flame  of  a  spirit  lamp,  and,  after  use,  the 
table  was,  on  each  occasion,  thoroughly  washed  with  carbolic  acid 
(1  in  20),  while  diu'ing  the  intervals  of  use  it  w«as  kept  exposed  to 
the  air  under  an  open  shed.  Similar  precautionary  measures  have 
been  observed  throughout  the  course  of  my  later  work. 

The  difficulty  experienced  by  myself  and  the  numerous  other  investi 
gators,  to  whom  reference  has  already  been  made,  in  attempts  to 
transmit  human  small-pox  directly  to  bovines,  whether  cows  or  calves, 
is  not  infrequently  cited  as  a  reason  for  regarding  with  distrust  the 
theory  expounded  by  Jenner,  that  cow-pox,  whether  carried  through 
the  horse  as  intermediary  host  or  not,  was  originally  derived  from 
small-pox  in  the  human  being. 

But  a  great  deal,  at  any  rate,  of  the  small-pox  which  was  preva- 
lent at  the  time  that  Jenner  lived  and  wrote  was  of  that  compara- 
tively mild  variety  which,  under  the  name  of  inoculated  small-pox, 
was  intentionally  produced  in  healthy  subjects,  with  the  object  of 
thereby  conferring  protection  against  subsequent  attack  by  the  disease 
in  virulent  form. 

So  mild  indeed  at  times  were  the  results  of  inoculations  in  the  hands 
of  such  operators  as  Adams  and  the  brothers  Sutton  that,  as  we  learn 
from  contemporary  records,  in  many  instances  but  little  obvious  effect 
was  observed,  with  the  exception  of  the  local  vesicle  arising  at  the  site 
of  insertion  of  the  small-pox  virus,  and  the  patients  suffered  but  little 
inconvenience.  Thus,  more  particularly  in  certain  of  Adams'  cases,  as 
may  be  gathered  from  his  own  account  of  the  circumstances,  the  visible 
effect  produced  so  closely  resembled  the  results  then  ])eginning  to  be 
known  as  following  on  the  Jennerian  process  of  vaccination,  that 
numbers  of  his  patients  were  with  difficulty  persuaded  that  he  had  not, 
contrary  to  their  desire,  intentionally  vaccinated  rather  than  variolated 
them.  The  gradual  evolution  of  a  strain  of  lymph  of  such  teiuiity, 
according  to  Adams  himself,  was  obtained  by  attention  to  the  mode  of 
life  and  general  treatment  of  persons  undergoing  the  process,  together 
with  careful  selection  of  the  sources  (preferably  the  primary  vesicle) 
from  which  the  vims  was  obtained. 

The  majority  of  persons  thus  inoculated  are  not  likely  to  have  been 
incapacitated,  as  the  result  of  the  operation,  to  a  much  greater  extent 
than  are  those  who  undergo  efficient  vaccination  at  the  present  day, 
and  doubtless,  therefore,  they  would  be,  for  the  most  ^tt,  Ci^^^^Xfe  ^"v 
following  their  ordinary  avocations  during  the  pTOgreaa  ol  Ocl^  \w^\vr.^^ 
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disorder.     On  the  other  ban  dp  thia  would  hardly  have  been  possible  in 

the  case  of  persons  contracting  snmll-pox  in  the  ordinary  way,  among 
whom  the  disease  was  apt  to  exhibit  such  viriilenee  as  to  account  for 
the  death  of  perhaps  50  per  cent,  of  those  attacked, 

Not  only  were  the  effects  following  on  inoculation  comparatively 
mild,  but  the  disease  in  this  form  was  intentionally  brought  into  raany 
country  districts  which  otherwise  might  not  have  become  invaded  by 
amall-pox.  In  the  light  of  these  facts,  it  has  for  some  time  jmst  l)een 
borne  in  upon  my  mind  more  and  more  convincingly  that  it  was  prob- 
ably from  the  imM^ulaftd  form  of  small-pox,  rather  than  from  the 
ordinarj"  variety  of  the  malady,  that  much,  at  any  rate,  o!  the  cow- 
pox,  in  the  pre- vaccination  era,  was  derived.  It  is  not  difficult  to 
understand  how  that  the  cracks  so  often  found  on  the  udders  of  cows 
might  become  infected  by  a  milker  with  fingers  contaminated  by 
contact  with  the  inoculation  sore  upon  his  ami, 

I  determined,  therefore,  if  possible,  to  put  the  matter  to  the  test, 
and,  learning  that  in  Nubia,  in  Burmah,  and  in  certain  parts  of  India 
the  inoculation  of  small-pox  is  still  practised,  I  made  numerous 
endeavours  to  obtain  the  necessary  material,  but  mifortunateiy  without 
success. 

In  default,  therefore,  of  iuoculat^d  small  pox  in  the  human  subject. 
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with  a  sterilised  lancet,  and  their  fluid  contents  received  into  fine  capil- 
lary tubes,  which  were  subsequently  sealed  in  the  flame  of  a  spirit  lamp 
to  admit  of  transport.  This  operation,  however,  is  a  most  laborious 
one,  and  was  subsequently  abandoned,  at  my  suggestion,  in  favour  of 
collection,  in  the  post-mortem  room,  of  vesicle  pulp  at  a  suitable  stage 
of  the  eruption,  by  means  of  a  small  Volkmann's  spoon,  after  the 
fashion  now  invariably  used  in  the  Government  lymph  laboratories  in 
obtaining,  from  the  calf,  material  for  the  production  of  glycerinated 
lymph. 

After '  removal  from  the  body  the  small-pox  pulp  is  first  carefully 
weighed,  and  then  ground  up  in  a  small  glass  mortar,  with  the  gradual 
addition  of  usually  four  times  its  weight  of  a  sterilised  50  per  cent, 
solution  of  pure  glycerine  in  normal  saline  solution.  After  thorough 
emiilsification,  what  is  not  required  for  immediate  use  is  stored  in 
tubes,  resembling  small  test-tubes,  which  are  then  corked,  sealed 
with  liquefied  parafiBn  to  which  carbolic  acid  has  been  added,  and  set 
aside  in  a  chamber  kept  at  a  temperature  a  few  degrees  above  freezing 
point.     Both  storage-tubes  and  corks  are  sterilised  before  use. 

Bacteriological  examination  by  the  method  of  plate-culture  often 
shows  a  comparatively  small  number  of  extraneous  micro-organisms  in 
a  specimen  of  small-pox  emulsion  prepared  in  the  manner  described, 
but  whenever  possible  it  has  been  stored  at  a  temperature  of  about 
15**  C.  for  some  weeks  prior  to  using  it  for  inoculation. 

Species  and  Age  of  Monkeys  Inoculated, 

For  my  original  experiments  on  the  transference  of  human  small- 
pox to  the  monkey,  a  brief  account  of  which  was  presented  to  the 
Royal  Society  in  1893,  I  employed  the  rhoesus  monkey,  for  the  reason 
that  Professor  Sherrington  and  myself  had,  at  the  time,  a  stock  of  these 
animals,  which  had  been  obtained  for  other  experimental  work.  Having 
at  that  time  obtained  successful  results  in  every  one  of  my  inocula- 
tions, I  employed  the  same  species  of  monkey  in  the  greater  number  of 
the  experiments  comprised  in  the  present  research.  As,  however, 
during  the  progress  of  the  work  I  learnt  that  Dr.  Eilerts  de  Haan,  who, 
in  Batavia,  had  been  working  on  similar  lines  to  myself,  had  made  use 
most  successfully  of  the  macaque  monkey,  I  also  obtained  a  few  speci- 
mens of  this  species,  in  order  to  compare  the  results  of  variolation 
in  these  animals  with  those  that  I  had  previously  observed  in  the 
rhoesus  monkey.  But  after  two  or  three  inoculations  of  the  macaque 
with  small-pox  material,  I  came  to  the  conclusion  that  the  results  fol- 
lowing on  the  operation  were  not  ordinarily  as  typical  as  in  those 
experiments  in  which  rhoesus  monkeys  had  been  employed.  At  the 
same  time  the  macaque  is  in  this  country  more  expensive  and  more 
difficult  to  obtain  than  the  rhoesus,  so  that  I  reverted  to  t\ie  xj^a^  ol  xX\ft 
latter  species  in  subsequent  work. 
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It  would  appear  also  that*  as  in  the  human  suhject,  young  animals 
are  mora  susceptible  to  small-pox  thfin  are  adults,  since  it  was  in 
those  instances  in  which  monkeys  probably  not  more  than  a  year 
old  were  variolated  that  the  most  pucceesful  results  were  obtained. 
In  one  instance,  however,  in  which  the  monkey  was  believed  to  be 
not  more  than  a  few  months  old^  the  extremely  fine  downy  hair,  after 
shaving,  grew  again  so  rapidly  as  to  render  somewhat  diiBeidt  the 
photographing  of  the  effect  produced  by  the  operation. 


Mod^  of  Operation  and  Cdk€ii4m. 

In  the  earlier  experiments  inoculation  of  the  monkey  with  humait 
am  all -pox  emulsion  was  carried  out  by  rubbing  it  well  into  scarified 
patches  or  linear  ineisiona  of  the  skin  of  the  upper  arm  or  of  the  inside 
of  the  thigh ^  after  previous  shaving  and  cleansing  of  the  skin.  Subse- 
quently, however,  in  accordance  with  the  suggestion  of  Dr.  de  Haan, 
a  shaved  area  on  the  back  of  the  animal  was  utilised  for  inoculation. 
In  this  situation  the  results  of  the  operation  were  found  to  be  equally 
good,  and  there  is  less  liability  of  damage  to  the  vehicles  from  the 
monkey  scratching  itself, 

runtion  having  arrived  at  maturitv.  after  the  lapfie  of 
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ment.  They  were  fed  and  otherwise  attended  to  by  a  man  specially 
detailed  for  the  purpose.  All  instruments  employed  for  the  vaccina- 
tion of  monkeys,  calves,  or  children  were  previously  sterilised  by 
boiling  or  passing  through  the  flame  of  a  spirit  lamp.  Attention  may 
perhaps  be  called  to  the  fact  that  the  skin  of  the  scrotum  in  the  calf 
affords  a  specially  favourable  site  for  inoculation  experiments,  especially 
if,  when  the  incisions  are  made,  the  skin  is  made  tense  by  pressing  down 
the  testicles.  The  first  transference  from  the  monkey  to  the  calf  does 
not  usually  afford  a  perfect  result.  Indeed  a  second,  third,  or  even 
later  passage  from  calf  to  calf  was  usually  required  before  the  most 
typical  vesiculation  was  obtained. 

In  certain  cases  children  were  vaccinated  with  lymph  obtained  from 
the  experimental  calves,  and  in  all  instances  the  resulting  vaccination 
ran  a  perfectly  normal  course.  With  lymph  of  similar  origin  I  also 
successfully  vaccinated  myself.  But  none  of  the  strains  of  vaccine 
lymph,  derived  originally  from  human  small-pox  in  the  manner 
described,  have  been  brought  into  general  use. 


PROTOCOLS    OF   EXPERIMENTS. 

FiBST  Sbbces. 

February  21,  1898. — Olycerinated  samples  of  small -pox  lymph  receired  this  day 
from  Medical  Officer  of  Health  of  Middlesbrough.  Patients  living  and  aged 
respectively  20,  27,  and  34  years ;  all  had  been  vaccinated  in  infancy. 

April  1. — At  Brown  Institution,  inoculated  small  rhoesus  monkey  with  small- 
pox emulsion  of  21.ii.9S  in  five  linear  incisions  on  left  arm,  and  in  fourteen  on 
abdomen,  after  previous  shaving  and  cleansing  of  the  skin,  by  means  of  soap  and 
water,  followed  by  warm  boric  acid  lotion.  Monkey  isolated  in  separate  room 
and  attendant  vaccinated  as  a  precautionary  measure. 

April  5. — All  insertions  on  both  arm  and  abdomen  evidently  **  taking." 

April  8. — Distinct  vesiculation  at  site  of  all  incisions  on  arm  and  most  of  those 
on  abdomen.  Monkey  setherised  and  substance  of  vesicles  removed  with  sharp 
spoon  into  small  previously  weighed  and  sterilised  test-tube.  Scrapings  weighed 
(0*6  gramme)  and  ground  up  with  six  times  the  weight  of  50  per  cent,  watery 
solution  of  glycerine.  Resulting  emulsion  taken  up  into  twelve  capillary  glass 
tubes. 

April  18. — Monkey  looks  well.  All  incisions  healed  up.  No  sign  of  generalised 
eruption. 

Calf  Experimentf, 

April  9. — At  the  Animal  Vaccine  Establishment,  Mr.  Stott  inoculated  Calf  No.  1 
(No.  4368)  on  two  scarified  patches,  in  twelve  incisions  on  scrotum,  and  forty-four    * 
in  perineum  and  on  abdomen,  with  contents  of  two  capillary  tubes  of  glycerinated 
pulp  prepared  from  vesicles  of  monkey.     Incisions  made  with  scalpel  previously 
sterilised. 

April  12  (72  hours). — Practically  nothing  to  be  seen. 

April  14  (120  hours). — All  insertions  on   scrotum  appear  to  have   "  taken/' 
iind,  in  addition,  four  (not  quite  so  well)  on  abdomen.     IuseTt\OT\%  on  ^tvtl«>vbv 
to  have  failed.     Large  bullous-looking  Tesiole  on  np-pet   ftc«kx\^e^  ^^\*2ti- 
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Frotii  tills  atiri  from  the  Te»icular  Unea  ontcrotum  and  abdomen  collected  pulp  by 
sera  ping,  after  ckmpiny  with  comprpasiou  forceps. 

The  iAvae  day  (April  11),  Culf  Xo.  2  (No.  4369  in  A.Y.E.  reeorda)  was 
inoculated  on  ]>0T;u?um,  scrotum,  nnd  abdarn^n  witli  material  obtained  from  Calf 
No.  L 

April  ID.-  All  inociilfltod  lines,  with  ei<:t?ptioLi  of  two  on  abdomen,  ^*  taken" 
TTcll,  eruption  bi'jfi||f  murlcL^dlj  veaicuJar.  Vesicles  damped  and  scruptid  ;  puip 
being  immediatel,?"  <^niplojed  for  inocutalioti  of  Calf  No.  S  (No.  4ti73  m  A.V.E. 
rof^jnU)  in  il  number  olf  lohg  incision;}  ou  tho  porincum,  scrobum^  and  abdomen. 

J;3j*i7  24.  — All  hnes  of  incliion  "talten"  well  j  eruption  perfectly  typical  of 
Taeein'o. 

From  this  culf,  *ii  ihiliiron  Taccinated  at  A.T,E.  »ame  day. 

Mnt}  1. — Childrt-n  rt^tnrned  for  iii^pL^etioti,  in  otdiniiry  cotirse.  All  vaccinationst 
comjiletclT  suecesfffui.  Photo j^rnptird  nn\w  of  two  of  tho^e  children^  which  pre- 
sen  ted  niOHt  porfet't  eruption. 

About  a  month  later  I  hunted  np  the  parenfcB  of  all  »x  childron,  when  I  le&mt 
from  the  mothers^  ^taik^nicnta  that  in  erery  ca^  the  yaceinaHon  had  pursued  n 
perfectly  no  f  ma  I  course. 

Marrh  3,  lOOO.—At  Ihe  Woi^t  lltim  Borough  IT'"' pi til^  Bttffn  li ^  "\  t  removed 
sniaU-poi  vesicles  from  body  of  a  iniin,  ret.  &6,  who  had  dffltf '91  hours  preTiouslv 
from  fcmt-cotillueut  form  of  di9«itie*    Material  removed  in  test-tube  and  placed 

I  iee-ehe[at. 


1902.]      The  Intcr-relcUwiship  of  Variola  and  Vojccinia.  129 

for  inoculation  in  twelve  insertions  of  Monkey  No,  4  (joung  male  rhoDSus)  same 
daj. 

April  2. — All  places  have  **  taken  *'  well,  although  material  used  for  inoculation 
had  been  so  diluted.    Photographed.    Vesicles  scraped  and  pulp  gljcerinated. 

Calf  Experiments, 

March  12. — Inoculated  Calf  No.  1  in  half  dozen  long  linear  incisions  by  method 
usually  employed  in  current  yaccinations  at  GoTcmment  Establishment,  with 
glycerinated  pulp  from  Monkey  No.  1. 

March  16. — Lines  of  incision  slightly  raised  and  red. 

March  17. — Dr.  Fremlin  found  few  small  yesicles  had  developed.  These  he 
elamped,  inserting  material  obtained  thereby  on  Calf  No.  2. 

March  21. — There  were  evident  signs  of  **  taking  **  at  all  po  nts  of  insertion, 
the  lines  of  incision  being  elevated  and  with  a  tendency  to  vesiculation.  But 
appearances  not  considered  sufficiently  typical  to  permit  of  material  removed  being 
utilised  for  vaccination  of  children. 

At  this  point,  owing  to  unforeseen  circumstances,  this  particular  series  of 
experiments  was  discontinued. 

Thibd  Series. 

February  25, 1901. — At  the  Jenner  Institute  inoculated  medium-sized  macaque 
monkey  with  small-pox  emulsion,  made  by  working  up  scrapings  from  P.M.  cases 
of  the  disease  (received  from  Dr.  Thomson,  of  the  Belvedere  Hospital,  Glasgow), 
in  a  small  amount  of  pure  glycerine.  Technique  as  in  previous  experiments. 
Incisions  made  on  the  monkey's  l)ack  with  blunt  scalpel,  which  had  lost  its  temper 
by  constant  passing  through  the  flame,  so  that  all  incisions  did  not  apparently 
penetrate  to  the  true  skin. 

March  4i. — "  Taken  **  well,  though  not  throughout  all  insertions  as  in  first 
monkey  of  the  last  series,  but  as  failure  had  only  occurred  where  there  was  no 
mark  of  incision,  it  was  probably  for  reason  mentioned  above,  as  the  eruption 
which  had  appeared  was  good.  Not  markedly  vesicular ;  lines  of  incision  which 
ikrere  covered  with  slight  crust  being  surrounded  by  a  pinkish  papular  eruption. 
Photograph  taken. 

Scraped  with  aid  of  compression  forceps,  and  rubbed  up  material  in  small 
amount  of  NaCl  0*7  per  cent,  solution. 

Monkey  No.  2  inoculated  this  day,  with  emulsion  of  scrapings  from  Monkey 
No.  1.    Technique  as  before. 

March  16. — ^All  insertions  "  taken  "  ;  slightly  more  vesicular  than  in  No.  1. 
Photographed.  Compression  forceps  applied  and  scrapings  removed  and  rubbed 
up  in  small  mortar  with  NaCl  solution. 

Monkey  No.  3  inoculated  immediately,  on  the  back,  with  emulsion  of  material 
obtained  from  No.  2.    Animal  very  young  ;  hair  downy  and  not  easily  shaved. 

March  18. — All  insertions  have  "  taken "  and  hate  wide  whitish  vesicular 
margin,  but  appearance  rather  spoiled  as  hair  on  back  has  grown  so  rapidly. 
Lymph  oozed  up  when  compression  forceps  applied.  Photographed.  Scrapings 
rubbed  up  with  NaCl  solution,  of  which  small  quantity  was  used  immediately  for 
inoculation  of  Monkey  No.  4.  Kemaindor  glycerinated,  tubed  and  stored  in  ice- 
chest  for  future  trial  on  calf. 

March  28. — ^Monkey  No.  4,  an  old  animal,  liad  not  apparently  taken  as  well  as 
No.  8,  so  series  was  discontinued. 

April  20. — ^Monkey  No.  3  vaccinated  in  six  incisionft  on  oMlaide  ol  \^n^  v^\>cl 
current  vaccine  lymph  of  known  potency, 
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April  27.^No  retiilt,  although  monkeja  not  previouslj  protected  take  Taccinia  a» 
auccessftdlj  as  in  the  human  subject.*^ 

Calf  Sxperimeuts, 

March  22. — Calf  No.  1  (1332),  at  the  Goyernment  Animal  Vaccine  Establish- 
ment, inoculated  with  small  quantity  of  gljcerinated  emulsion  of  Tesicular  pulp> 
from  Monkey  No.  3. 

March  2fl. — Tiny  papules  and  vesicles  which  had  made  'their  appearance  along 
lines  of  incisions  removed  with  Yolkmann's  spoon  and  glycerinated. 

March  29. — Material  collected  on  March  27  inserted  into  three  long  incisions  on 
Calf  No.  2  (1842). 

April  3. — Fifth  day.  Lines  of  all  three  incisions  occupied  by  gootl  vesicles. 
Photograph  taken  by  Dr.  Green.  Vesicle  pulp  (0*37  gramme)  removed  and 
glycerinated. 

April  24.^ Calf  No.  3  (1890),  inoculated  (with  portion  of  material  collected  on 
April  3)  in  thirty-six  incisions  on  abdomen  and  scrotum. 

April  29. — All  insertions  had  *' taken"  well,  vesicles  surrounded  with  slight 
pink  areola.  Vesicles  scraped  and  pulp  glycerinated.  Emulsion  stored  in  ice- 
chest. 

October  3.-^Four  c.c.  of  this  emulsion  used  for  vaccination  of  calf  at  the  Jenner 
Institute,  by  numerous  linear  incisions  extending  nearly  whole  length  of  abdomen, 
after  manner  usually  employed  at  Government  stations. 

October  8. — Appearance  indistinguishable  from  normal  vaccination.  63  grammea 
of  vesicle  pulp  collected  and  glycerinated. 

The  glycerinated  emulsion  prepared  from  material  removed  from  the  calf  on 
October  8  was  subsequently  employed  for  the  vaccination  of  other  calves,  a  strain 
of  lymph  being  thus  obtained  which  continued  to  give  excellent  results  both  on 
children  and  calves.  But  the  strain  was  never  brought  into  general  use,  and  all 
the  glycerinated  emulsion  remaining  was  eventually  destroyed. 

ForBTH  Sbries. 

April  29, 1901. — At  the  Jenner  Institute  young  rhcesus  monkey  shaved  on  back, 
M  in  previous  experiments,  and  inoculated  in  a  dozen  linear  incisions  with  glyceri- 
nated emulsion  of  S.P.  vesicle  pulp  received  from  Dr.  Thomson ,  of  the  Belvedere 
Hofpital,  Glasgow,  on  March  26,  1901. 

April  2  (120  hourt). — Had  "  taken"  so  well  that  I  decided  to  collect;  lines  of 
inoition  distinctly  vesicular.  After  taking  photo,  washed  inoculated  area,  and 
lemoTcd  pulp  with  aid  of  damp  forceps.  Thin  lines  of  altered  epithelium  came 
ofF  M  in  a  good  calf  vaccination.    No  "  crusting." 

Monkey  No.  2  inoculated  same  day  with  material  obtained  a'S  above  and  subse- 
quently triturated  in  small  glass  mortar  with  small  quantity  of  equal  parts  of 
glyoerine  and  normal  sahne  solution. 

JCeiy  9(120  hours), — Every  insertion  "taken"  successfully.  More  markedly 
▼eaoolar  in  places  than  Monkey  No.  1.  Photograph  taken,  followed  by  usual 
process  of  collection  and  glyceri nation  af  vesicle  pulp. 

Monkey  No.  8  inoculated  on  back  in  eight  diagonal  incisions.  Emulsion  remain- 
ing over  taken  up  into  capillary  tubes,  of  which  two  given  to  Dr.  Fremlin  for  trial 
on  calf  at  A.V.E.  on  May  15. 

Jfay  13  (120  hours), — Eruption  of  perfectly  vesicular  character  along  course  of 
^  incisions  made,  the  centre  in  each  instance  being  occupied  by  thin  linear  crust. 


^  Copem&n,  'Journal  of  Pathology  and  Bacteriology,*  May,  189^ 
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Drt.  Blaxall  and  Fremlizi)  on  seeing  the  anima],  both  described  eruption  as  being 
equal  to  that  which  in  case  of  calf  Taccination  'vould  be  entered  in  official  records 
as  v.g.  (very  good).  Monkej  photographed  and  vesicle  pulp  collected  and  gljceri- 
nated.  Portion  of  emulsion  used  same  day  for  inoculation  of  Monkej  No.  4. 
Another  portion  handed  over  to  Dr.  Fremlin  for  trial  on  calf  at  A.y.£. 

May  18.— Monkej  No.  4  "  taken '' well.  Vesicle  pulp  collected,  emulsified, 
tubed  and  stored  in  ice-chest. 

Series  not  continued  bejond  this  stage,  as  laboratory  man  had  failed  in  attempts 
to  obtain  further  supplj  of  joung  rhoesus  monkejs. 

Calf  ExperimenU^ 

May  8. — Emulsion  of  vesicle  pulp  from  Monkey  No.  1,  used  at  A.V.E.  for 
inoculation  of  Calf  No.  1418. 

May  13. — Dr.  Blaxall  noted  "  No  vesictdation,  slight  thickening  in  one  line." 

May  15.— Material  from  Monkejs  No.  2  and  No.  3,  inoculated  on  calves  at 
A.V.E.  bj  Dr.  Fremlin. 

May  20. — Both  calves  had  **  taken  "  to  a  certain  extent,  the  result  being  most 
marked  in  calf  inoculated  from  Monkej  No.  3.  Material  collected,  gljcerinated, 
and  stored.  Portion  subsequent!  j  handed  to  Medical  Director  of  Jenner  Institute 
for  further  trial. 

May  26. — Inoculated  calf  at  A.V.E.  with  emulsion  of  second  removal  fron 
Monkej  No.  3. 

May  31. — Perfect  vesicular  eruption  along  course  of  all  incisions.  General 
effect  indistinguishable  from  that  obtained  with  the  current  vaccine  Ijmph  of  the 
Qovemment  Establishment. 

In  view  of  successful  results  following  on  vaccination  of  children  with  former 
Ijmph  stocks  raised  in  similar  fashion,  it  appeared  unnecessarj  to  emploj  this 
particular  Ijmph  for  infantile  vaccinations.  But  on  vaccinating  m j  own  arm  with 
it  direct  from  the  calf,  I  succeeded  in  raising  bj  the  eighth  daj  a  fairlj  typical 
vesicle,  an  effect  in  excess  of  that  obtained  bj  me  on  mj  own  person  at  previous 
attempts  at  vaccination. 

No  further  transference  of  this  Ijmph  was  attempted. 

My  first  series  of  experiments  had  not  long  been  concluded,  when 
I  came  across  a  reference  to  an  account  of  similar  work  which  had 
been  carried  out  by  Dr.  Eilerts  de  Haan.  The  reference  occurred  in 
a  paper  by  Dr.  Bruno  Galli-Valerio,*  and  on  hunting  up  Dr.  de  Haan*s 
original  paper,  which  is  entitled,  "  Vaccine  et  R^tro vaccine  k  Batavia,"  t 
I  found  that  it  contained  an  account  of  a  lengthy  series  of  experi- 
ments on  the  variolation  of  monkeys  and  on  the  transference  of  the 
resulting  affection  to  calves. 

Dr.  de  Haan's  work  proved  of  special  interest  to  me  for  the  reason 
that,  quite  independently,  we  had  been  able  to  corroborate  one 
anothers'  work,  except  as  regards  the  transference  of  the  strain  of 
▼ariola  vaccine  to  the  human  subject — a  final  test  which  Dr.  Eilerts 
de  Haan  did  not,  as  he  says,  feel  justified  in  attempting,  in  \iew  of  the 
unfortimate  experience  of  Chauveau,  in  connection  with  his  abortive 

•  *  Centralblatt  ffir  Bakteriologie,*  March  28,  1899,  p.  380  et  «ec[. 
t  *  Annales  de  Tlnstitut  Pasteur,'  1896,  p.  169. 

\.1 


Dr.  8.  llonckton  Copoman, 


[Xov.  13, 


Itcmpts  i\t  variolation  of  the  go\\\  Dr.  de  Hiwiti's  own  worde  may  be 
liotccl :— **  Je  reconnais  qu^il  manque  a  ma  dj^monstratjon  d'avolr 
Ipporty  la  variole  mltigee  dn  singe  Bur  Thomme  ;  e'est  mie  expt^rience 
Le  je  ne  mc  suis  pas  cru  en  droit  de  faire,  L'expcriencQ  de  Chauveau 
liseigne  u  etre  prudent,  et  je  ne  me  croirais  autorisii  a  faire  cette 
Intative  que  si  le  vaccin  ordinaire  dont  je  me  eers  me  manquait  an 
loment  d\ine  epidi^raie.  Mais  j'ei^p^re  quW  n^pi^tera  mes  experiences 
jce  sujet." 
For  the  purpose  of  his  experiments  Dr.  de  Ilaan  made  use  of  the 
iaeaque  monkey  {Marnrm  ajnonwh/tL?),  which  is  common  in  the 
[utch  East  Indies,  and  therefore  was  readily  obtainable.  Hia  inoctda- 
|<»ns  were^  in  each  instance,  made  on  a  portion  of  the  animal's  ha<^k, 
[hich  was  first  shii^'^ed  and  then  cleansed  with  soap  and  water, 
liUmvcd  by  a  sokition  of  boric  and  salicylic  acids*  In  his  fir§t 
Iries  of  variolations  of  the  monkey,  the  small-pox  lymph  employed 
liis  ol stained  from  a  Javanese  child,  no  statement  however  being 
latle  by  him  as  to  the  age  of  the  child,  whether  or  not  it  had  ever 
Wn  vaccinated,  or  at  w^hat  stage  of  the  diseiise  the  Ij^inph  was  taken* 
transferred  to  the  monkey,  this  lymph  gave  rise,  in  a  week's  timej  to 
1-marked  vesicles   at  the  site  of    inoculation,  while^  in  additioti. 
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In  each  of  the  separate  series  of  experiments  the  human  small-pox 
lymph  or  pulp  was  first  inoculated  directly  on  calves,  and  in  every 
instance,  so  far  as  could  be  observed,  with  altogether  negative  results. 
But  with  monkeys  success  was  as  invariably  obtained,  and  when,  after 
one  or  more  passages  through  this  animal,  the  contents  of  the  local 
inoculation  vesicles  were  employed  for  insertion  on  the  calf,  an  effect 
was  now  produced  which,  after  two  or  three  removes  in  that  animal, 
was  indistinguishable  from  typical  vaccinia. 

Moreover,  from  the  contents  of  vesicles  raised  in  this  manner  on  the 
calf,  a  number  of  children  have,  in  turn,  been  vaccinated,  some  of 
whom  were  afterwards  kept  under  observation  for  as  long  a  period 
as  a  couple  of  months. 

Every  such  vaccination  "  took  "  normally,  and  in  no  case  was  any 
bad  result  subsequently  observed  by  myself,  or  reported  by  the 
parents  of  the  children ;  no  "  generalisation  "  of  the  eruption  occur- 
ring in  any  instance. 

In  conclusion,  I  desire  to  call  attention  to  the  somewhat  remarkable 
fact  that  a  mild  and  strictly  localised  form  of  small-pox,  such  as  is 
induced  in  the  monkey  by  the  inoculation  of  material  from  cases  of 
the  generalised  disease  in  man,  should,  when  transferred  to  the  calf, 
**  take  "  readily  with  the  production  of  a  vesicular  eruption  of  non- 
infectious character  in  that  animal,  whereas  it  is  well  known  that 
successful  transference  of  small-pox  direct  from  man  to  calf  can  only 
be  accomplished  with  the  utmost  difficulty. 

The  experimental  results  obtained  in  the  course  of  the  research,  an 
account  of  which  has  been  set  out  in  this  paper,  all  tend,  then,  to 
confirm  the  view  that  the  vaccinia  of  Jenner's  time  was  derived,  in  all 
probability,  from  a  comparatively  mild  form  of  human  small-pox. 

In  addition,  I  think  it  will  be  admitted  that  the  work  has  afforded 
conclusive  evidence  of  the  essential  identity  of  the  virus  of  small-pox 
and  cow-pox  or  vaccinia. 


134        Sir  Norman  Lockyer  und  Dr.  W,  J.  S.  Lockjer.     [Oct.  If 

*'  On  the  Similarity  of  the  Short-period  PitssBure  Vanation  over 
Lnr^e  AreaB."  By  Sir  Norman  Locoer,  K.C.E.,  RR.S„  and 
WiLUAM   J,   S,   LocKYER,  JLA.,  Ph.D.,  F.K.A.S.      Eeceived 

October  18,— Read  DeGeml>er  4,  1902. 

[PiATEfl  1  and  2.] 

In  a  paper  presented  in  June  livst  to  tho  Society,*  we  pointed  out 
the  existence  of  a  short-period  oscillation  of  barometric  pressure  over 
the  Indian  area  corresponding  generally  with  a  variation  in  the  per- 
centage number  of  prominences  recorded  on  the  eim's  limb.  This 
oscillation  was  further  shown  not  to  be  limited  to  the  Indian  area,  but 
to  be  marked  at  a  far  distant  station,  as  Cordoba,  in  South  America* 

The  present  paper,  which  is  a  continuation  of  this  invoBtigation, 
was  undertaken  to  extend  the  research  over  a  larger  area. 

The  monthly  means  of  the  pressure  variations  for  each  station  have 
been  divided  as  previously  into  two  periods,  namely,  those  months  in 
Mrhifh  the  pressures  are  above  and  those  in  which  they  are  below  the 
normal,  the  normal  Ijeing  the  mean  pressure  for  the  whole  period 
under  investigation  in  each  locality. 


■•^1 
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region  on  both  sides  of  the  equator,  it  was  important  to  study  the 
extent  of  the  region  in  the  New  World  in  which  pressure  variations 
similar  to  those  of  Cordoba  had  been  recorded. 

As  Cordoba  represents  an  area  south  of  the  equator,  a  portion  of 
the  United  States  of  America  was  taken  as  tjrpifying  an  area  with 
north  latitude  and  in  about  the  same  longitude,  and  a  commencement 
was  made  along  the  lowest  available  parallel  of  latitude.  This  was 
rendered  possible  by  the  kindness  of  Professor  F.  Bigelow,  of  the 
Weather  Bureau,  who  very  generously  forwarded  proof-sheets  of  a 
new  reduction  of  the  pressures  of  many  stations.  We  wish  to  take 
this  opportunity  of  expressing  to  him  our  best  thanks. 

Treating  these  pressures  in  the  same  way  as  those  formerly  in- 
vestigated in  the  Indian  region,  several  stations  which  had  the  best 
record  were  chosen.  A  graphical  representation  of  the  variations  of 
four  of  these  stations  (Mobile,  Alabama ;  Jacksonville  and  Pensacola, 
Florida ;  San  Diego,  California)  is  given  in  Plate  2,  and  for  the  sake 
of  comparison  the  pressure  of  Cordoba,  with  the  inverted  curves 
representing  the  Bombay  pressure  and  solar  prominence  variation. 
This  series  of  curves  refers  in  all  cases  to  the  variations  of  the  means 
of  the  high  pressure  (winter)  months  (October  to  March  in  most  cases). 
At  Cordoba,  which  has  a  southern  latitude,  the  high  pressure  months 
extend  from  April  to  September. 

The  result  of  the  comparison  shows  that  in  this  region  of  the  world 
we  have  a  large  area,  the  pressure  variations  of  which  are  strikingly 
similar  to,  but  are  the  inverse  of,  those  recorded  in  nearly  the  anti- 
podal part  of  the  globe. 

The  facts  observed  are  so  suggestive  that  we  are  continuing  the 
inquiry  by  collecting  and  discussing  observations  made  in  other  areas. 

Although  the  general  agreement  between  the  two  main  sets  of 
curves  is  most  striking,  there  are  minor  differences  which  probably, 
as  stated  in  the  previous  paper,  will  eventually  help  us  to  determine 
those  cases  in  which  the  prominence  effects  on  pressure  are  masked 
by  some  special  local  conditions.  It  may  be  added  that  the  available 
observations  of  prominences  refer  more  directly  to  their  quantity  than 
to  their  intensity. 

We  wish  to  express  our  thanks  to  Mr.  W.  N.  Shaw,  F.E.S.,  who  kindly 
placed  the  records  of  the  Meteorological  Office  at  our  disposal ;  and  to 
Mr.  Hodgson,  who  has  extracted  the  requisite  data  from  the  available 
records  of  pressure,  and  constructed  some  of  the  curves. 


Mr.  J.  H.  Jeani?.     On  the  Vilmtiions  awl        [Nov,  S, 


\i\  the  Vibrations  and  Stability  yf  a  Gravitating  Planet."  By 
J.  H.  JEA.NS,  E.A.,  Isaac  Newton  Studeiit  and  Fellow  of 
Trinit}'^  College,  Cambri%e.  Commimicated  by  Professor 
G.  H,  Darwik,  F,R.S*  EiH^eived  Kovember  8, — Read  Decern- 
ber  4,  1902. 

(Abatmct.) 

I  first  part  of  the  pftfM3r  deals  with  the  vibrations  and  stability  of 

agitating   olaatic   sphere.     Tho  matter  is  not  necessarily  homo- 

leous,  but  13  arranged  in  spherical  layers.     It  is  pointed  out  that, 

Ibe  classical  investigation  of  the  displacements  produced  in  a  gravi- 

Ing  sphere  liy  given  surface-forces,  the  most  imporUint  of  the  gravi- 

:>nal  terms  is  omitted.     The  effect  of  this  omission  is  to  necessitate 

prrection,  and  this  may  entirely  invaUdate  the  solution  when  we  are 

jling  with  spheres  of  the  size  of  the  earth  or  other  planets.    In  fact, 

ppears  that  for  a  gravitating  solid  of  the  kind  we  are  discussing  the 

crical  configuration  may  be  one  of  misiahle  eqidlibrium^  tho  instability. 

Jig  brought  about  by  the  gravitational  terms  in  the  manner  already 

llained  in  a  former  paper,* 
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geneous,  but  in  which  the  density  is  greatest  near  the  centre,  the 
values  of  ^  will  be  greater  than  those  just  stated,  but  the  critical 
vibration  will  still  be  such  that  the  displacement  is  proportional  to  a 
first  harmonic  term. 

In  the  former  paper,  already  referred  to,  the  suggestion  was  put 
forward  that  the  instability  of  a  nebular  sun  or  planet,  which,  upon 
the  nebular  hypothesis,  is  supposed  vdtimately  to  resrdt  in  the  ejection 
of  a  satellite,  may  be  largely  brought  about  by  a  gravitational 
tendency  to  instability  of  the  kind  just  described.  We  take,  for  the 
moment,  an  extreme  hypothesis,  and  imagine  that  this  agency  is  the 
preponderating  agency,  and  that  the  rotational  tendency  to  instability 
may  be  disregarded  in  comparison.  We  then  find  that  when  the  ejec- 
tion of  a  satellite  is  taking  place,  or  has  just  been  completed,  the  value 
of  ypo^^V^o  must  be  nearly  equal  to  <f>. 

Except  for  the  changes  which  have  occurred  since  the  consolidation 
of  the  planets,  the  solar  system  supplies  material  for  testing  this  con- 
clusion. When  a  number  of  planets  of  varying  masses  have  thrown 
off  satellites,  we  find  (upon  oiu*  present  extreme  hypothesis)  that  the 
masses  ought  to  be  proportional  to  the  squares  of  the  radii.  It  is 
found  that  this  law  is  approximately  obeyed  in  the  solar  system.  It 
is  further  found  that  the  absolute  values  of  the  masses  and  radii  are 
approximately  such  as  woidd  be  expected. 

It  is  interesting  to  compare  two  extreme  hypotheses,  the  first  refer- 
ring the  phenomena  of  planetary  evolution  solely  to  rotational,  the 
second  solely  to  gravitational,  instability.  Given  the  approximate 
values  of  the  density  and  elasticity  of  a  planet,  and  the  fact  that  this 
planet  has  thrown  off  a  satellite ;  then  the  former  hypothesis  leads  to  a 
certain  inference  as  to  the  angular  momentum  of  the  system^  the 
latter  to  an  inference  as  to  the  radius  of  the  primary.  The  former 
leads  to  no  inference  at  all  as  to  the  size  of  planets  which  are  to  be 
expected — they  are  as  likely  to  be  of  the  size  of  billiard-balls  as  of  the 
size  of  the  planets  of  our  system — while  the  latter  leads  to  no  inference 
as  to  the  angular  momentum  of  the  system,  but  presupposes  it  to  be 
small.  The  contention  of  the  present  paper  is  that  the  inferences  which 
are  drawn  from  the  former  hypothesis  are  not  borne  out  by  observation 
on  the  planets  of  our  system,  while  those  which  are  drawn  from  the 
latter  are  borne  out  as  closely  as  cordd  be  expected.  The  true  hypo- 
thesis must  of  necessity  lie  somewhere  between  the  two  extremes 
which  we  are  comparing,  but  the  evidence  seems  to  show  that  it  is 
much  nearer  to  the  latter  (gravitational)  than  to  the  former  (rota- 
tional). 

We  next  consider  a  number  of  questions  connected  with  the  figure 
of  the  earth.  It  seems  to  be  almost  certain  that  the  present  elastic 
constants  of  the  earth  are  such  that  a  state  of  spherical  symmetry 
would  be  one  of  stable  equilibrium.    On  the  other  haud^  ^i  -w^  \wJ«l 
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awards  throtigh  the  history  of  our  planet,  we  probably  come  to  a 

when  the  rigidity  wiis  so  small  that  the  etahle  coiifignration  of 

tlibrium  would  be  unsymmetricaL    At  this  time  the  earth  would 

■pear-shaped,   and   the   transition   to    the   present    approximately 

prical  fomi  would  take  place  through  a  series  of  ruptures.     It  ia 

jested  that  the  earth,  in  spite  of  this  series  of  ruptures,  still  retains 
les  of  a  pear-shaped  configuration.  Such  a  configuration  would  possess 
Ingle  axis  of  symmetry,  and  this,  it  is  sugge^tefl,  is  an  Hxis  which 
Its  the  earth *a  surface  somewhere  in  the  neighboiuhood  of  England 
IpoBsibly  some  hundreds  of  miles  to  the  south-w^est  of  Englaml). 
riing  from  England,  wo  find  that  England  is  at  the  centre  of  a 
lisphere  which  is  practically  all  land :  this  would  he  the  blunt  etid 
lur  pear.  Bounding  the  hemisphere  we  have  a  great  circle  of  which 
lland  ia  the  pole,  and  it  is  over  this  circle  that  earthquakes  and 
lanoes  are  of  moat  frequent  oceurrencB,  Now,  if  we  suppoae  our 
contracting  to  a  spherical  shape,  we  notice  that  it  would  probably 
|n  the  neighl>ourhood  of  ita  equator  that  the  changes  in  curvature 
the  relative  displacements  would  be  greatest,  and  hence  we  should 

ect  to  find  earthquakes  and  volcanoes  in  greatest  numbers  near  to 

circle.     Passing  still  further  from  England  we  come  to  a  great 

Ion  of  deen  seas — the  Pacific,  Bouth  Atlantic,  and  Indian  oceans  \ 
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species  which  are  most  nearly  related  to  B,  mollis^  less  and  less  readily 
species  more  remote  from  B,  mollis,  but  in  the  same  sub-genus,  and 
least  readily,  or  not  at  all,  species  in  other  sub-genera. 

In  the  attempt  to  obtain  some  insight  into  what  causes  are  at  the 
bottom  of  this  remarkable  phenomenon — the  predisposition  to,  or 
immunity  from,  infection  of  the  host  by  the  parasite — ^it  was  shown 
that  anatomical  differences  on  the  part  of  the  host-plants,  such  as  the 
sizes  and  numbers  of  stomata,  hairs,  and  so  forth,  do  not  suffice  to 
explain  it,  since  no  relation  could  be  detected  between  the  curves 
expressing  the  percentage  of  infection  and  those  expressing  the  sizes, 
numbers,  &c.,  of  the  hairs,  stomata,  &c. 

On  the  other  hand,  the  evidence  suggested  some  such  assumption 
as  the  following.  The  fungus,  when  growing  on  a  species  of  Bromus  A, 
may  refuse  to  infect  another  species  B,  either  because  B  secretes  some 
body  of  the  nature  of  an  enzyme  or ,  anti-toxin  which  effectually 
keeps  the  mycelium  of  the  fungus  at  bay,  or  because  the  fungus 
habituated  to  the  peculiar  nutritive  or  other  conditions  afforded  it  by 
the  host-plant  A,  cannot  immediately  adapt  itself  to  the  very  different 
conditions  offered  by  the  species  B. 

Although  the  attempts  to  isolate  any  such  anti-toxin  failed,  and 
experiments  of  a  preliminary  character  to  test  the  effect  of  differences 
of  nutrition  yielded  little  or  nothing  of  a  positive  nature,  I  showed  in 
the  discussion  of  the  probable  factors  concerned  that  some  subtle 
relations  between  host  and  parasite  must  be  assumed  to  account  for 
the  curious  facts  of  immunity  and  predisposition  on  the  part  of  the 
former,  and  of  capacity  and  incapacity  for  infection  on  the  part  of  the 
latter,  in  each  case  in  various  degrees  according  to  the  species  of  host 
-offered  for  infection,  or  on  which  the  fungus  has  hitherto  been 
roared. 

During  the  past  year  I  have  attempted  to  pursue  this  subject 
further,  and  limit  myself  for  the  present  to  the  following  theme.  If 
the  varying  infective  power  of  the  fungus  towards  different  species  of 
host-plant  is  derived  solely  from  the  "  nutritive  conditions "  afforded 
it  by  the  host-plant  it  has  hitherto  been  growing  upon,  two  cases  are 
possible — (1)  these  **  nutritive  conditions  "  may  be  simply  the  expression 
of  the  power  of  the  tissues  to  yield  certain  food-substances  to  the 
parasite  in  proper  proportions  and  in  sufficient  quantity,  or  (2)  they 
may  imply  some  more  subtle  relations  between  the  mycelium  of  the 
fungus  and  the  living  contents  of  the  host-cells.  For  instance,  it  may 
be  not  sufficient  that  the  food-substances  suitable  to  the  fungus  should 
exist  in  the  cells  of  the  host,  but  they  must  be  there  in  a  certain 
superabundance,  or  presented  in  a  certain  manner,  and  so  on ;  or,  it 
iiiay  be  that  the  fungus  must  be  vigorous  up  to  a  certain  standard 
before  it  can  obtain  a  hold  on  such  food,  and  so  on. 

In  order  to  test  some  of  the  possibilities  here  rclerteA.  \jo\^«bXvweA 
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tperimetits  to  see  whether  starving  the  host-plant  of  one  or  other 
If  itK  necessary  food-materials  would  (1)  affect  its  predisposition  to 
lifection,  or  (2)  affect  the  capficity  for  infection  of  the  fungus  grown 
In  the  starved  plants,  or  (3)  in  any  other  way  affect  the  fungus  or  its 
lost. 

On  July  7,  1902,  fourteen  bc^ikers  were  selected  and  filled  with 
Iquul  quantities  of  a  clean  coarse-grey  sand,  carefully  washed  and  dried^ 
lut  still  containing  traces  of  ingredients  which  the  root-haira  of  such 
rrasses  as  the  Bromes  are  capable  of  selecting,  Thia  was  not  to  bo 
[voided  or  regretted,  since  my  object  was  not  to  attempt  to  grow  seed- 
Engi^  totally  deprived  of  necessary  salts,  residting  in  their  premature 
Icath,  but  to  bring  up  plants  so  starved  of  certain  such  ingredients 
|bat  while  they  co\dd  go  on  living  long  enough  for  the  purposes  of 

be  experiment,   they  would  nevertheless  exhibit   the  effects  of  the 
leficierKy,  and  possibly  re-act  on  the  parasite. 
The  beakers  of  sand  were  lettered  A  to  0,  and  treated  m  followa  ;— 

Che  beaker  A  received  200  c.c.  of  distilled  water  only,  so  that  tlie 
Inly  mineral  supplies  availalile  to  the  seedlings — after  exhausting  the 
traces  in  the  endosperm^ — woidd  l)e  such  as  the  root-hairs  could  dJs- 
lolve  from   the  sand  grains.     Another  be^iker    received  an    equal 
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one,  and  the  whole  were  now  placed  in  a  sheltered  situation  in  the 
open,  the  bell-jars  being  raised  on  large  blocks  so  that  their  rims  just 
covered  the  rims  of  the  beakers  ;  thus  permitting  a  free  circulation  of 
air,  but  protecting  the  whole  from  beating  winds  or  rain.  An  awning 
was  also  provided,  and  carefully  adjusted  during  hot  days  as  necessary. 
Growth  proceeded  fairly  rapidly,  though  of  course  some  retardation  was 
inevitable  owing  to  the  impervious  nature  of  the  beakers  as  con- 
trasted with  pots  having  porous  sides,  and  by  Jifly  18  each  beaker 
had  from  two  to  seven  satisfactory  seedlings. 

On  July  23,  ten  of  the  beakers  had  from  five  to  seven  excellent 
seedlings  each :  three  had  but  four  each,  and  one  had  only  two  suc- 
cessful seedlings.  So  far  there  was  but  little  difference  observable 
between  the  different  seedlings,  each  of  which  was  unfolding  its  third 
leaf.  Nevertheless,  there  was  e^'idence  that  the  stores  of  food- 
materials  in  the  indosperm  were  now  being  exhausted,  and  that  the 
root-system  was  beginning  to  feel  the  effects  of  the  differences  in 
mineral  supplies.  Consequently,  I  fished  out  the  remains  of  dead 
or  un-germinated  grains,  and  proceeded  to  infect  certain  of  the  seed- 
lings in  each  beaker  with  Uredo-spores  of  Puccinia  dispersa  obtained 
from  Bromus  sguarrosiis.  This  species  was  selected  because  I  had  an 
abundant  stock  of  vigorous  spores  at  hand,  and  had  already  satisfied 
myself  that  they  readily  infect  Bromus  secalinus. 

The  infection  was  effected  by  placing  equal  doses  of  the  fresh  spores 
on  each  leaf  chosen ;  the  bell-jars  were  then  lowered  in  order  to  keep 
the  plants  in  a  moist  atmosphere  for  24  hours,  and  then  raised  again 
on  blocks  for  another  24  hours,  after  which  the  bell-jars  were  removed 
each  morning,  and  only  replaced  at  night  or  during  rain. 

The  results  of  infection  were  already  evident  on  one  or  two  plants 
on  July  31  and  August  1,  increasingly  so  on  August  3,  and  by 
August  5  the  pustules  were  as  prominent  as  they  ever  became 
during  the  period  of  the  experiment — i.e.,  up  to  August  29 — except  in 
80  far  as  some  of  the  larger  ones  ran  together  or  produced  more 
spores. 

The  results  are  summarised  in  Table  I,  but  it  should  be  noted  that 
it  has  been  impossible  to  compress  into  the  table  the  details  of  the 
observations  from  day  to  day  as  to  the  stature,  robustness,  colour, 
number  and  breadth  of  leaves  and  so  on,  or  as  to  the  rate  of  develop- 
ment of  the  plants  and  of  the  flecks  and  pustules  of  the  parasite. 

In  order  that  the  reader  may  gather  an  impression  of  the  appear- 
ance of  these  seedlings  during  the  progress  of  the  experiment,  how- 
ever, I  append  photographs*  of  one  set  of  the  beakers  in  fig.  1,  and  of 
a  representative  series  of  the  plants  themselves,  carefully  extracted 

•  I  hare  to  thank  my  flon,  F.  K.  Ward,  for  the  preparation  of  these  photo- 
graphs. 
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<m  the  loose  sand  iti  water  and  the  roots  WHsliod  and  displayed  on 
^k  pai>er  (fig*  2) ;  while  in  fig*  3  are  Appended  other  ropresentativo 
^imens,  similarly  carefully  extracted  and  washed  and  displayed 
th  the  roots  on  hlack  paper,  hikI  the  shoots  on  white  ]>aper* 
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psammophilous  plants  as  the  Bromes  of  the  minute  quantities  of  these 
elements  needed  for  their  growth ;  the  root-hairs  appear  to  be  able  to 


obtain  traces  of  these  substances  from  the  grains  of  sand,  and  it  would 
be  necessary  to  repeat  the  experiments  with  some  other  medium — 
perhaps  precipitated  silica  or  pure  quartz  ~to  obtain  thioxx^  «Xa.x\\s<- 
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non  of  tbeai3  elements^  a  result  not  wished  for  m  tha  preaant  con* 
lection. 
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chemically  purified  by  acid  and  washing,  and  stronger  doses  of  tl 
mineral  solution  were  employed »  Each  beaker  received  an  equal 
weight  of  the  aand  (1500  gr.),  and  of  soluton  (300  cc),  and  8  grains 
of  a  speciea  of  Bromm^  received  under  the  name  of  B.  jjenduUnm, 
were  sown  in  each*  This  species — which  difTers  dittle,  if  at  all>  froua 
B.  jHthdm^-hdA  been  thoroughly  investigat-ed  with  regard  to  ita 
predispositioEi  to  attack  by  the  uredo  of  pHcdnin  dispersa,  and  was 
chosen  because  it  has  proved  to  be  the  most  sensitive  to  infection  of 
all  the  forms  I  have  in  culture.  The  grains  were  hand-picked  and 
clean^  but  were  not  specially  sterilised  in  any  way. 

The  l>eakerB  were  treated  m  before,  and  on  July  15  seedlings  were 
showing  in  all  but  one  of  the  beakers,  and  by  the  ISth  each  of 
thirteen  had  from  seven  to  eight  seedlings^  two  had  four  each,  and  one 
none.  By  July  30  every  beaker  had  from  six  to  eight  excellent  seed* 
lings,  except  one,  and  this  remained  barren  to  the  end,  possibly  owing 
to  drowning  of  the  grains,  or  too  deep  sowing. 

By  this  date  there  wore  marked  differences  in  stature,  and  some  ia 
colour,  Ix^twcen  the  various  pairs  of  sets ;  the  smaller  seedlings  in  the 
IvoJikers  deprived  of  all  added  salte,  or  deficient  in  nitrogen  or  iH 
phosphorus  being  particularly  noticeable.      Not  only  were  the  Ieav« 
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Control  cultures  have  shown  over  and  over  again  that  these  seedlings 
do  not  incur  the  disease  unless  the  spores  are  placed  on  the  leaves, 
and  I  cannot  accept  these  one  or  two  apparent  exceptions  as  evidence 
for  a  spontaneous  outbreak  of  the  disease. 

The  severity  of  the  attack,  as  indicated  by  the  size  of  the  pustules 
and  of  the  infected  areas,  and  by  the  relative  niunber  of  spores 
developed,  followed  much  the  same  order  as  in  the  previous  experi- 
ment, except  that  the  nitrogen-free  plants  seemed  to  bear  larger 
pustules  than  before. 

The  minute  and  poorly-developed  pustules  on  the  seedlings  starved 
of  phosphorus  {I  and  w.  Table  III)  or  of  all  minerals  {a)  were  par- 
ticularly evident;  as  also  were  the  severe  attacks  of  the  manured 
specimens.  And,  again,  the  magnesium-free  seedlings  showed  pre- 
mature yellowing  and  withering  of  the  leaf -tips.  Again,  also,  there 
was  decided  retardation  of  infection  pustules  in  the  phosphorus-free, 
distilled  water,  and,  to  a  less  extent  the  magnesium-free  specimens. 

But — again  concordant — none  of  the  plants  were  rendered  immune 
from  infection ;  and,  as  will  be  seen  in  the  sequel,  all  the  pustules, 
however  minute,  yielded  spores  with  normal  morphological  characters, 
and  perfectly  capable  of  germinating  and  of  reinfecting  other  seedlings 
of  the  Brom/iis  in  question. 

Meanwhile,  I  had  started  a  third  complete  series  of  sand-cultures  of 
Bvomus  pendiilinus,  arranged  as  in  the  last  series,  but  with  two  small 
variations  in  detail,  viz.,  (1)  in  order  to  diminsh  the  risk  of  drowning 
or  asphyxiating  the  seeds,  I  sunk  a  tall  thistle-head  funnel  to  the 
bottom  of  each  beaker  of  sand,  and  poured  the  solution  in  each  case 
down  to  the  bottom  of  the  beaker,  allowing  it  to  soak  upwards  and 
gradually  moisten  the  upper  layers  from  beneath;  and  (2)  only 
5  grains  of  the  Brome  {B.  penduUnus)  were  sown  in  each  beaker. 

The  results  were  very  good.  The  grains  were  sown  July  23.  On 
July  29  seedlings  were  up  in  all  but  three  of  the  beakers.  On  August  1 
these  also  had  seedlings  showing,  and  by  August  5  most  of  the  seed- 
lings were  25 — 30  mm.  or  more  high. 

On  August  9  all  but  three  of  the  beakers  had  four  or  five  excellent 
seedlings,  each  with  the  second  leaves  showing,  and  the  effects  of  the 
mineral  starvation  were  beginning  to  be  visible. 

In  order  to  emphasise  this  effect,  if  possible,  by  preventing  the 
further  development  of  the  second  and  later  leaves  at  the  expense  of 
materials  stored  in  the  first  leaves,  I  now  cut  off  the  latter  from  each 
seedling  with  a  pair  of  sharp  fine  scissors,  and  left  the  seedlings  to 
grow  further.  During  the  next  week  the  second  leaf  in  each  case 
attained  its  full  size,  and  the  third  leaf  began  to  appear ;  and  I  now 
proceeded  to  devote  this  series  of  seedlings  to  test  the  effect  of  sowing 
the  spores  reared  on  the  seedlings  of  the  last  series  (see  Table  IIl\^  *dxv<^ 
which  had  been  affected  as  to  their  numbers  by  t\ie  Bti»xv\u^  o\  o\Xv^^ 
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treatment  of  the  seedlings,  on  the  leaves  of  the  seedlings  of  this  series, 
similarly  starved  or  otherwise. 

As  we  have  seen  (Experiment  series  No.  47,  Table  I,  and  series  60, 
Table  II),  spores  from  a  seedling  starved  of  phosphorus,  however  few 
in  number^  are  perfectly  capable  of  infecting  the  leaf  of  a  rwrmal  seed- 
ling. Can  such  spores  also  infect  another  seedling  similarly  starved  of 
phosphorus;  and  can  spores  reared  on  calcium-starved  or  nitrogen- 
starved  seedlings,  <fec.,  infect  seedlings  dniihrly  starved  of  calcium  or  of 
nitrogen  respectively,  and  so  on  1 

On  August  18,  therefore,  I  infected  the  third  leaf  of  each  of  several 
seedlings  in  each  beaker  of  series  55  (Table  IV)  with  the  spores 
developed  on  the  corresponding  seedlings  (which  had  been  similarly 
treated)  of  series  50  (Table  III). 

The  results  are  summarised  in  Table  IV. 

As  the  tiible  shows,  practically  all  the  infections  were  successful, 
showing  that  not  only  does  mineral  starvation  nvt  prevent  the  develop- 
ment of  vii-ulent  spores  on  the  seedling  so  starved — ^if  the  latter  is 
inoculated  with  normal  spores — but  such  starvation  is  also  incapable  of 
incapadtathuj  the  corresponding  seedling  for  infection  by  means  of  spores 
grown  oil  similarly  starved  seedlimjs. 

We  must  therefore  conclude  for  the  present  that  (1)  the  starvation 
of  mineral  food-substances,  although  it  reduces  the  size  of  the  host- 
plant  and  seriously  diminishes  the  qiuintity  of  spores  which  the  myce- 
lium can  give  rise  to  on  its  leaves,  does  not  affect  either  the  virulence 
of  such  spores  or  the  predisposition  to  infection  of  the  leaves  of  the 
Brome  concerned. 

Moreover  (2),  in  view  of  the  results  with  the  highly-manured  seed- 
lings to  which  horse-dung  decoction  or  normal  mineral  solution  was 
added,  it  seems  hopeless  to  expect  that  high  cultivation  of  this  kind 
will  diminish  tJw  predisposition  of  the  plant  to  infection — or,  what  would 
amount  to  the  same  thing  in  practice — inci'ease  its  resistance  or  confer 
immunity. 

The  effects  of  manurial  treatment  are  clearly  quantitative  only,  so 
far  as  this  question  is  concerned. 

If  the  host-plant  is  highly  fed,  its  tissues  yield  more  food  materials 
for  the  fungus ;  the  latter  can  develope  a  larger  myceliivn,  and  pro- 
duce a  larger  crop  of  spores.  But  so  long  as  the  host-plant  is  capable 
of  living  at  all,  it  is  a  perfectly  satisfactory  prey  for  the  fungus  in  its 
tissues,  so  far  as  qualify  of  fungus  food  is  concerned. 

It  seems  to  me  that  these  results  throw  some  new  light  on  the  prob 
lem  of  infection  and  parasitism,  in  so  far  as  they  bear  out  the  view 
that  the  Uredine  mycelium  taxes  the  leaf — robs  it  of  a  share  of  its 
food-supplies — rather  than  destroys  the  protoplasmic  machinery,  at  any 
rate  during  the  vigorous  period  of  grovrth  and  of  production  of  Uredo- 
spores;  and  also  in  so  far  as  they  suggest  that  whatever  may  be  the 
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causes  at  work  in  the  living  cell  which  confer  immunity  or  predisposition 
on  the  species  of  host-plant,  or  which  confer  virulence  or  impotence  on 
the  spore,  they  lie  deeper  than  nutrition,  reminding  us  once  more  of 
the  significant  resemblances  which,  as  I  pointed  out  in  a  previous 
paper,*  exist  between  the  phenomena  of  infection  and  those  of  polli- 
nation. It  is  in  the  highest  degree  improbable  that  the  pollen-tube  of 
a  given  species.  A,  is  incapable  of  growth  in  the  style  and  the  ovule  of 
an  allied  species,  B,  simply  because  the  tissues  of  B  do  not  contain 
suitable  food-materials,  while  the  pollen-tube  of  a  species,  C,  readily 
fertilises  a  more  distant  species,  D,  simply  because  the  latter  does  con- 
tain suitable  nutritive  materials,  especially  as  in  both  cases  we  may  be 
able  to  germinate  such  pollen  in  artificial  sugar-solutions. 

All  the  evidence  points  to  the  existence,  in  the  cells  of  the  fimgus, 
of  enzymes  or  toxins,  or  both,  and  in  the  cells  of  the  host-plant  of 
anti-toxins  or  similar  substances,  as  the  decisive  factors  in  infection  or 
immunity,  although  I  have  as  yet  failed  to  isolate  any  such  bodies. 

Moreover,  I  regard  the  results  here  given  as  furnishing  strong  evi- 
dence, on  the  whole,  against  any  hypothesis  which  assumes  the  exist- 
ence of  a  latent  or  lurking  source  of  disease  in  the  plants  themselves, 
and  as  supporting  the  view  that  every  patch  of  pustules  originates 
from  a  definite  infection  spot  due  to  the  entrance  of  a  germ-tube  from 
a  spore  which  has  there  germinated  on  the  leaf. 


♦  *  Proc.  Camb.  Phil.  Soc.,'  vol.  11,  part  5,  p.  307. 


1 52     On  the  Vmiaiion  of  the  Critical  Vdmity  of  Wtttrr.    [July  16, 


An  Experimentfil  Det^miinatioii  of  the  Variation  of  the  Ciitieal 

Velocity  of  Water  with  TeniperatuTe,"  By  E.  G,  CoKiiitr 
M.A.  (Cantal>.),  I),Sc,  (Edin,),  Assistant  Professor  of  Civil 
Engiaeerinjn;,  and  8,  B.  Clemknt,  B.Sc,  Demonstrator  of  Civil 
Kiif^ineering,  both  of  Mel  Jill  University,  Montreal.  Cqmmu- 
iiicated  by  Profesaor  UsnoRNE  Rkvnulds,  F.R.^,  Kecelved 
July  16,— Eeatl  Xovetnher  20,  1902. 

(AlistracL) 

11  le  change  from  stream-line  to  eddy  motion  in  water  was  first 
Isamined  by  Osborne  Key  nobis,  who  in  liis  earlier  experiments,  intro- 
luced  colour-bands  into  a  glast^  pipe  in  which  water  was  flowing,  to 
idieato  the  change  in  the  motion,  and   later  observed  the  resist-ance' 

[^inintered  in  pipes  over  a  great  range  of  velocities. 

The  results  of  these  expert  men  ts^  and  a  consideration  of  the  equations 
If  motion,  enabled  him  to  express  the  laws  relating  to  the  critical 
lelofity  of  water  in  pi  pea  by  the  exceedingly  simple  equation 
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Numerous  experiments  at  different  temperatures  were  made  when 
stream-line  motion  was  maintained  in  the  pipe,  and  the  relation  of 
velocity  to  slope  of  pressure  was  determined  by  logarithmic  plotting, 
givine  a  series  of  lines,  the  "  logarithmic  homologues  "  at  different  tem- 
peratures. The  positions  of  these  lines  were  found  to  be  in  substantial 
agreement  with  those  calculated  from  the  equations  of  motion.  Similar 
experiments  for  eddy  motion  were  made  and  the  logarithmic  homo- 
logues were  also  plotted,  and  their  intersections  with  the  corresponding 
ones  for  stream-line  motion  determined.  These  intersections  give  the 
minimum  critical  velocity,  and  were  found  to  lie  very  approximately  on 
a  straight  line  in  the  diagram. 

The  law  of  variation  of  critical  velocity,  v^,  with  temperatiu*e  was 
found  to  be 

?',-»  oc  1  +003368T-i-0-000156r^ 

where  T  is  the  temperature  Centigrade,  which  agrees  very  closely  with 
the  known  variation  in  the  viscosity  of  water,  viz., 

/x-i  X  1  +0-03368T  +  0000221T2; 

and  it  may,  therefore,  be  concluded  that  over  the  range  of  temperature 
examined  the  critical  velocity  of  water  in  small  pipes  varies  directly  as 
the  viscosity. 


"  Isomeric  Change  in  Benzene  Derivatives  — The  Interchange  of 
Halogen  and  Hydroxyl  in  Benzenediazonium  Hydroxides.*' 
By  K.  J.  P.  Orton,  Ph.D.,  M.A.,  St.  John's  College,  Cam- 
bridge, Demonstrator  of  Chemistry,  St.  Bartholomew's 
Hospital.  Communicated  by  Professor  H.  E.  Armstrong, 
F.RS.     Keceived  December  1, — Eead  December  4,  1902. 

In  discussing  the  laws  which  govern  substitution  in  the  case  of 
benzenoid  compounds,  Armstrong,  in  1887,  drew  special  attention  to 
the  peculiar  behaviour  of  amido-  and  hydroxy-compouhds,  from  which 
he  inferred  that  the  phenomena  of  substitution  were  less  simple  than 
was  commonly  supposed.  He  showed  that  there  was  evidence  that 
the  formation  of  para-derivatives  was  preceded  by  that  of  an  isomeric 
compound  formed  by  the  displacement  of  the  aminic  hydrogen  or 
hydroxylic  hydrogen,  and  pointed  to  the  probability  that  this  might 
prove  to  be  true  also  of  ortho-compounds. 

Since  that  time,  it  has  been  experimentally  demonstrated  by  various 
chemists  that  the  radicles,  CI,  Br,  I,  NO2,  SOsH,  can  all  be  introduced 
in  place  of  the  hydrogen  of  the  amino-group  of  anilines  and  of  the 
imino-group  of  anilides,  and  that  the  compoimds  thus  formed  ^«.tv  \^ 

^  1 
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panged  intx)  isomeric  substances  in  which  the  suhstituent  is  contained 

the  hyclrocarhon  nncleiis. 

The  transformation  of  the  aniline  derivative  appeara  to  take  place 
nly  in  the  presence  of  some  other  siihstjLnce  ;  in  the  case  of  the 
lenylacylchloraminea,  eiich  as  CiHs.NCLCOCH^,  for  example,  appa- 
Intly  the  change  into  the  isomeric  chloroacetanilides  tnkea  place  only 
nder  the  specific  influence  of  hydrogen  chloride:*      The  investigation 

such  cases  of  isomeric  change  ib,  In  fact,  of  special  interest  as  they 
fe,  so  to  speak,  '*  fermentative  "  in  character,  often  taking  place  with 
Imarkaljle  facility,  and  under  the  influence  of  minute  amounts  of 
Le  siubatJince,  which  apparently  provokes  the  change — the  catalyst, 
le-fk^ureinenta  of  the  velocity  at  which  changes  of  this  t)'pe  occur,  for 
cam  pie  5  of  tliazoamiriobenitene  into  aminoazohenzene,t  show  that  a 
f locity-coefhcient  of  constant  value  is  given  hy  the  equation, 

k  =  i^^  log  (ij{a  -  jr). 

le  i&omeric  change  is,  therefore,  apparently  a  so-called  mono- 
olecular  change ;  hut,  as  in  other  cases,  the  slowest  of  the  series  of 
II pie  changes  which  make  up  the  complete  transformation  is  alone 
easured ;  moreover,  the  substance  which  eoiiditiona  the  change  ii  not 
into  account. 
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less,  the  diazonium  salt  being  immediately  converted  into  the  alkali 
diazotate.*    The  latter  change  may  be  represented  thus — 


CeHjXs.NEiN    —    C6H2X8.N(OH):N    — 


Diazonium  Bait. 


Dinzonium  hydroxide. 


CbHsXs.NINOM'. 

Diazot&te. 


As  the  author  has  maintained  on  previous  occasions,  the  first  step 
in  this  type  of  intramolecular  change  consists  in  a  transference  of  the 
atom  or  group  attached  to  the  nitrogen  to  the  ortho-  or  para-carbon 
atom  of  the  nucleus,  an  ortho-  or  para-quinone  being  formed.  The 
complete  transformation  in  the  case  here  described  may  be  represented 
in  the  following  manner : — 


CI 


NjN.OH 
A 


CI 


Y 


N:N 
CI 

II. 


.OH 

r\ci 


CI 


-*'  either 


NiX.Cl                N=N 

;  or             1 

HI.                IV. 

V. 

In  other  words,  the  diazonium  chloride  (III)  may  be  represented  as 
changing  into  the  "  diazophenol "  (IV);  or,  if,  following  Wolff  t  and 
Hantzsch,t  the  diazophenols  are  considered  to  be  diazoquinones  (V),. 
the  ortho-quinone  form  (II)  merely  loses  hydrogen  chloride. 

Closely  allied  to  the  intramolecular  change  just  mentioned,  are 
Hantzsch's  observations  §  that  5-tribromobenzenediazonium  chloride 
changes  into  chlorodibromobenzenediazonium  bromide,  and  chloro- 
and  bromo-benzeiiediazonium  thiocyanates  into  thiocyanobenzene- 
diazonium  chlorides  and  bromides. 

[The  following  observations  of  Meldola||  may  also  be  mentioned, 
as  the  author's  results  offer  a  possible  explanation.  When  diuitro-o- 
or  dinitro-jo-anisidine  is  treated  with  sodium  nitrite  in  the  presence 
of  acetic  acid,  the  nitro-group  occupying  a  position  ortho  or  para 
with  respect  to  the  amino-group  is  eliminated,  a  diazophenol  (diazo- 

*  Professor  Meldola  has  called  the  author's  attention  to  a  French  patent 
(No.  315,982)  of  the  Badisehe  Aniline  Company,  dated  FebruaT728,1002,in  which 
the  replacement  of  the  nitro-group  and  halogen  by  the  hydroxy] -group  by  the  action 
of  alkali*  on  diazonium  salts,  is  claimed  as  a  technical  process.  The  author^ 
experiments  show  within  what  limits  this  process  is  applicable,  and  what  is  the 
probable  action  of  the  alkali. 

t  '  Annalen/  1900,  vol.  312,  p.  119. 

X  *Berichte,*  1902,  vol.  35,  p.  888. 

§  *  Berichte,'  1896,  vol.  29,  p.  947 ;  1897,  vol.  80,  p.  2834;  1898,  vol.  31,  p.  1253 ; 
1900,  vol.  33.  p.  505. 

II  *  Trans.  Chera.  8oo.,'  1900,  vol.  77,  p.  1172 ;  *  Proo.  Chem.  Soc.,*  1901,  vol.  17, 
p.  131;  *  Trans.  Chem.  Soc.,'  1901,  vol.  79,  p.  1076;  1902,  vol.  81,  p.  988. 
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lide)  l>eing  formed.      In  diazotising  in   the  preiotice   of   hyrlrogen 

pride,  an  ortho-nitm  group  m  replaeecl  by  chloriiie.] 

(The  iaomerie  changes  of  the  diazoniuni  ealte  differ,  however,  some* 

lat  from  the  similar  changes  of  the  phenylacylehlorumines,  phenyl- 

pramiMeSi  &Q.     The  latter  compounds  are  per  st;  relatively  stable, 

app(ir6ntly  only  undergo  change  in  the  preaenoe  of  some  agent 

Italy st) ;  the  diazonium  compoimda,  on  the  other  handi  appear  to  he 

[.rinsically  labile,  and  in  aqueous  solution,  at  least,  ciipable  of  pissing 

a  more  stable  configuration-    In  the  latter  case  the  nitrogen  atom, 

ring  the  wandering  group,  the  hydroxyl  group  {or,  as  iii  Hantzach's 

ices,  the  chlorine  atom  or  the  thiocyanatc  group),  is   pentad, 

lis,  Ph.N(OH):N,  whilst  in   the   phenylacylchloramines,  t'te.,  it  is 

lad.     The  idea  at  t^nce  suggests  itself  that  in  the  case  of  the  laat- 

entioned  comp<:nindSf  the  first  action  of  the  catylist  i^  to  form  an 

itive  product,  in   which  the  nitrogen  is  pentad.     The  product,  in 

1,  it  should  be  noted,  more  than  one  negative  radicle  is  aCtaehed 

the  nitrogen,  is  not  a  stable  compound,  and  is  now  capable  of 

sing  into  the  isomeric  quinone  form,  and  thtis  start  the  transforma- 


iThei^c   results    are   also    of    interest,  inasmticb   as   Hantzach*  has 
Ited   recently   that   he   has    obtauied  ^■^tribromophenvlnitrosamine, 
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star-shaped  aggregates,  which  are  very  soluble  in  water  (SO4  found 
31-0,  calculated  3 1*4  per  cent*).  s-Tnchlarohenzenediazmiium  nitrate, 
C,;H.>Cl8'N  (N08):N,  prepared  in  a  similar  manner,  forms  colourless 
needles.  When  kept  for  two  or  three  days,  both  salts  begin  to  show 
signs  of  change,  which  are  more  marked  in  the  case  of  the  nitrate. 
The  latter  becomes  noticeably  yellow,  and  when  dissolved  in  water 
forms  a  yellow  solution.  The  initially  colourless  aqueous  solution 
of  the  piu-e  colourless  salts  becomes  yellow  after  a  few  hours ;  after 
24  hours  chloride  is  just  recognisable  in  the  solution.  In  one 
experiment,  0*5  gramme  of  the  acid  sulphate  was  dissolved  in 
100  c.c.  of  water;  after  3  days  a  very  small  amount  of  a  yellowish-red 
solid  had  separated  from  the  yellow  solution  ;  at  the  end  of  16  days, 
the  chloride  in  solution  was  precipi tinted  by  silver  nitrate  in  the 
presence  of  nitric  acid:  the  silver  chloride  weighed  0*05  gramme, 
whereas  for  the  complete  conversion  of  the  diazonium  salt  into 
the  diazophenol,  0*235  gramme  of  silver  chloride  should  have  been 
found. 

An  aqueous  solution  of  s-trichlorobenzenediazonium  acetate,  obtained 
by  mixing  neutral  solutions  of  the  diazonium  nitrate  and  sodium 
acetate  (molecular  proportions)  rapidly  becomes  yellow  and  acid. 
In  a  short  time  the  solution  becomes  turbid,  and  after  4 — 5  hours 
deposits  a  bright  yellow  amorphous  solid.  In  an  experiment,  in 
which  1*75  gramme  of  the  diazonium  nitrate,  dissolved  in  150  c.c.  of 
water,  was  treated  with  sodium  acetate  (1  mol.),  and  kept  at  10 — 15' 
for  40  hours  in  the  dark,  an  estimation  of  the  hydrogen  chloride  in 
the  solution  showed  that  54*5  per  cent,  of  the  diazonium  compound 
hu'l  changed  into  the  diazophenol. 

WTien  instead  of  sodium  acetate,  sodium  hydrogen  carbonate  was 
used  a  similar  change  took  place,  but  far  more  rapidly.  In  one 
experiment  a  dilute  aqueous  solution  of  sodium  hydrogen  carbonate 
(3  mol.)  was  added  drop  by  drop  during  a  period  of  1  hour  to  a 
cooled  solution  of  1  gramme  of  the  diazonium  hydrogen  sulphate.  (The 
bicarbonate  was  finally  present  in  sufficient  quantity  to  combine  with 
the  whole  of  the  sulphuric  acid  and  one-third  of  the  chlorine  present 
in  the  diazonium  salt.)  After  one-third  of  the  bicarbonate  had  been 
added,  and  the  acid  converted  into  the  normal  sulphate,  the  solution 
rapidly  became  yellow  and  deposited  a  yellow  solid.  Throughout  the 
experiment  the  mixture  was  acid.  As  soon  as  the  whole  of  the 
bicarbonate  was  added,  the  chlorine  was  estimated ;  it  represiented 
54*5  per  cent,  of  the  amount  which  should  be  obtained  were  1  atom 
of  chlorine  eliminated  from  the  diazonium  salt.  In  another  experiment, 
using  the  same  (quantities  of  diazonium  salt  and  sodium  bicarbonate, 
the  solutions  were  mixed  as  rapidly  as  possible ;  a  copious  yellow 
precipitate  at  once  appeared ;  the  chloride  in  the  filtrate  represented 
72  per  cent,  of  1  atomic  proportion  of  chlorine. 
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Mitainecl  in  the  yellow  solutions  which  are  obtained  by  any  of  the 
3ck   just   d escribed     It   ia   beet  prepared  by  adding  excess   of 

iium  aeetxite  to  .^-trichloroLienzeneflittZonium  hydrogen  aulphatu  or 
Itrate.  The  mixture  should  be  kept  during  40 — 50  hours  in  the 
; — ^in  the  light  the  solution  darkens,  the  dinzopheiiol  decomposing. 

le  liquid  was  then  filtered  from  the  amorphous  yellow  solicit  made 
Jrongly  acid  with  nitric  acid,  and  extracted  four  or  five  times  with 
Ihcn  On  evaporating  the  yellowish-liroM^n  extract,  a  mixture  of 
I)  and  crystals  remained*  In  order  to  obtain  the  diazopbenol,  ciry 
Vdrogen  chloride  was  passed  into  the  ethereal  extract ;  this  caused 
le  hydi'mhlmkh  of  the  dichloro-^^diazophenol,  0!Cf5H2Cl2!N2,HCl,  to 
Iparate  in  amall  needles.  This  salt  was  converted  into  the  diazo- 
penol  b}^  treatment  witli  a  small  quantity  of  water.  Thus  prepared, 
le  diazophenol  is  an  orange  powder,  which  crystnlliBes  from  an 
Ihercal  solution  in  flattened  orange  prisms,  which  melt  at  83— 84\ 

ruling  a  rod  liquid  \  at  HT"  the  latter  decomposes,      Or»  analysis, 
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cannot  be  got  to  crystalliso  from  any  solvent ;  they  decompose  at  85  , 
and  in  a  moist  atmosphere  slowly  give  off  nitrogen;  this  is  very 
noticeable  when  an  attempt  is  made  to  estimate  the  nitrogen  by 
Dumas'  method.  They  do  not  dissolve  in  aqueous  alkalis  or  acids. 
Cryoscopic  determinations  of  the  molecular  weight  in  benzene  show 
that,  whether  prepared  by  means  of  sodium  acetate  or  bicarbonate,  the 
molecule  contains  three  benzeneazo-groups.  There  are  three  such  com- 
pounds possible,  formed  by  condensation  either  of  (1)  2  mols.  of 
j^trichlorobenzenediazonium    salt    with    1    mol.   of    the    diazophenol 

( (C6H2Cl3-N.>).>-CoCl2<Q-  has  a  mol.  weight  =  604 ;  chloride  =  46-8 

per  cent.) ;  or  (2)  of  1  mol.  of  the  diazonium  salt  with  2  mols.  of  the 
diazophenol  (mol.  weight  =  585*5;  chlorine  =  42*2  per  cent.);  or 
(3)  of  3  mols.  of  the  diazophenol  (mol.  weight  =  567;  chlorine 
•  =  37 -5  per  cent.).  The  material  prepared  by  the  use  of  sodium  acetate 
has  the  highest  percentage  of  chlorine,  44*7 — 44*9;  its  molecular 
weight  was  foimd  to  be  580 — 590;  it  is  probably  a  mixture  of  (1) 
and  (2).  When  bicarbonate  is  used,  the  yellow  substance  contains 
41  4 — 43*7  per  cent,  of  chlorine;  its  molecular  weight  was  found  to 
be  560—580. 

The  TransfarmcUian  of  s-TribromobenzeTiediazonium  Hydroxide. 

The  transformation  of  5-tribromobenzenediazonium  hydroxide  re- 
sembles in  its  main  features  that  of  the  5-trichloro-compound.  s-Tri- 
bromobenzenediazonium  nitrate,  when  first  prepared,  is  pure  white, 
although  Silberstein*  has  described  it  as  yellow.  On  keeping,  it 
gradually  acquires  a  yellow  colour.  Solutions  both  of  the  nitrate  and 
the  hydrogen  sulphate  become  yellow,  and  bromine  can  be  detected  in 
the  liquid.  When  either  sodium  hydrogen  carbonate  or  sodium  acetate 
is  added  to  solutions  of  the  salts,  the  decomposition  is  far  more  rapid. 
Thus  in  one  experiment,  in  which  sodium  bicarbonate  was  added  to  a 
solution  containing  1  gramme  of  the  diazonium  hydrogen  sulphate, 
0*31  gramme  of  silver  bromide  was  obtained,  whereas  0*508  gramme 
is  required  for  the  elimination  of  one  atom  of  bromine. 

In  the  presence  of  sodium  acetate,  the  solutions  of  the  diazonium 
salt  rapidly  become  yellow  and  turbid.  After  24  hours  at  0**,  a  bulky 
and,  at  first  glance,  homogeneous  precipitate  had  separated.  In  one 
experiment  when  2  grammes  of  the  sulphate  were  used,  0*58  gramme 
of  silver  bromide  was  obtained  from  the  filtrate  from  the  yellow  pre- 
cipitate. Careful  examination  of  the  yellow  precipitate  showed  that  it 
consisted  of  crystals  completely  covered  and  matted  together  by  an  amor- 
phous yellow  powder.  These  two  substances  could  not  be  separated 
by  crystallisation  from  any  solvent.     It  was,  however,  found  possible 

•  '  Journ.  Prakt.  Ohem./  1883,  [2],  toI.  27,  p.  113. 
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nil  tain  the  crystals  free  from  the  powder  by  frequently  shaking  up 
solid  with  water  and  decanting  the  super  natatit  Uqtior  lief  ore  the 
^ht  powder  hiul  had  time  to  settle.  - 

il 
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Ihe  cryatala,  just  mentioned,  are  the  3  r  5-dibroTnO'CKliazophenol  in  a 

ute  of  purity.     They  are  long  slender  transparent  prisms  of  a  fine 
^e  colour,  which  explode  when  heated  at  140'\ 

0'1S94  gramme  gave  0^2564  gramme  AgBr.     Br  =^  57'6. 

Two  eryoacopic  determinations  of  the  moleeiilur  weight  in  benzene 
[>hition  gave  the  values  278 '9  and  281 '6. 

CoH,,ON;iBr2  requires  Br  =  57  53  per  cent,,  and  a  molecular  weight 

27S' 

The  compound  is  very  aolul>le  in  chloroform,  l^enzene^  ether  and 
llacial  acetic  acid,  and  in  boiling  alcohoL  It  is  moflerately  soluble  in 
loiling  water,  and  very  slightl}^  so  in  cold  water  or  petroleum,  Tre^tt- 
lient  with  hot  water  or  alcohol  decomposes  it.  It  dissolves  in  eon 
pntrated  acids,  forming  a  coloiu^lcss  solution,  and  is  re  precipitated  by 
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of  the  powder,  a  small  quantity  of  the  hydrochloride  of  the  last- 
mentioned  substance  separated. 

[The  investigation  of  these  intramolecular  changes  is  being  continued. 
It  has  been  found  that  a  similar  interchange  of  halogen  for  hydroxyl 
takes  places  very  readily  in  solutions  of  chloro-  and  bromo-naphthalene- 
(liazonium  salts,  even  in  the  presence  of  excess  of  acid.  The  author  is 
of  opinion  that  the  observation  of  Gaess  and  Ammelburg,*  that  an 
aqueous  solution  of  l-nitro-2-naphthalenediazonium  sulphate  yields 
the  1 :  2-naphthalenediazo-oxide,  is  an  example  of  the  type  of  trans- 
formation here  considered.] 


'*  On  certain  Properties  of  the  Alloys  of  the  Gold-Silver  Series." 
By  the  late  Sir  W.  C.  Roberts-Austen,  KC.B.,  D.C.L,, 
F.R.S.,  and  T.  KiRKE  Rose,  D.Sc.  Received  October  22,— 
Read  December  11,  1902. 

[Plate  3.] 
In  a  former  communication  to  the  Society!  the  curve  of  the  initial 
freezing  points  of  the  alloys  of  gold  and  copper  and  some  micrographic 
evidence  as  to  their  structure  were  given,  and  it  was  shown  that 
according  to  the  theory  of  solutions  the  alloys  rich  in  gold  should  not 
be  homogeneous  after  they  have  solidified.  The  fact  that  they  are 
not  uniform  was  confirmed  by  analysis.  The  subject  has,  however, 
more  than  theoretical  interest,  and  the  inference  was  drawn  that 
standard  gold,  which  consists  of  eleven  parts  by  weight  of  gold  to  one 
of  copper,  is  imsui  table  as  a  material  for  the  preparation  of  the  trial 
plates  by  which  the  standard  of  the  coinage  is  tested.  These  trial 
plates  according  to  law  must  contain  916*6  parts  of  gold  and  83*S  of 
**  alloy,"  that  is  of  some  other  metal,  and  it  remained  to  be  determined 
what  the  other  metal  should  be. 

It  will  be  at  once  apparent  that  the  alloy  or  mixture  of  the  two 
metals  must,  if  the  cold  mass  is  to  be  uniform,  solidify  as  a  whole, 
that  is  to  say,  that  the  crystals  first  formed  should  be  of  the  same 
composition  as  the  mother  liquor,  and  this  condition  can  be  fulfilled 
by  isomorphous  mixtures  only.  It  has  long  been  recognised  that  the 
gold-silver  alloys  are  cases  of  isomorphism,  and  Gautier,  in  1896,  statedj 
that  the  freezing-point  curve  of  the  series  followed  a  straight  line  if 
the  percentages  by  weight  of  the  constituents  were  taken  as  abscissae. 

This  curve  was  re-determined  by  experiment,  a  number  of  alloys 
being  made  up  and  autographic  records  taken  of  their  cooling  curves 
by  the  Roberts-Austen  recording  pyrometer.     The  results  obtained 
•  *  Berichte/  1894,  vol.  27,  p.  2211. 
t  *  Roy.  Soc.  Proc.,*  vol.  67  (1900),  p.  106. 
t  *  Bull,  de  la  Soo.  d'Encouragemexit,'  Oct.,  1 896. 
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»re  given  in  the  following  table^  and  have  been  plotted  in  fig*   1 »  in 
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There  is,  of  course,  no  eutectic  alloy  observable  in  any  member  of 
the  series. 

The  alloys  all  consist  of  large  grains,  but  these  are  built  up  of 
smaller  grains,  so  that  the  ultimate  structure  is  exceedingly  minute. 
When  magnified  1500  diameters  the  grains  appear  as  small  irregular 
crystals  of  the  cubic  system  (see  fig.  2,  PI.  3).  In  order  to  develop  any 
segregation  that  might  take  place,  an  ingot  of  the  standard  alloy 
containing  91*66  per  cent,  of  gold  by  weight  was  heated  for  2  months 
in  one  of  the  annealing  furnaces  at  the  Royal  Mint,  the  temperature 
of  which  was  kept  at  about  700**  by  day,  but  fell  to  about  100"  at 
night.  The  maximum  temperature  attained  was  over  300**  below  the 
fusing  point  of  the  alloy,  and  the  sharpness  of  the  angles  of  the 
specimen  had  suffered  no  change.  After  this  treatment  it  was  found 
that  the  grains  had  increased  in  size,  and  the  crystals  forming  them 
had  become  well  developed,  as  shown  in  fig.  3  (PI.  3),  in  which  the  struc- 
ture is  magnified  1500  diameters.  No  true  segregation,  however,  could 
be  detected  even  in  this  ingot,  either  by  analysis  or  by  the  microscope, 
and  plates  prepared  by  roHing  out  ingots  containing  916*6  parts  by 
weight  of  gold,  and  83*S  parts  of  silver,  were  found  on  analysis  to  be 
uniform  in  composition. 

The  ancient  trial  plates,  according  to  the  analysis  made  by  one  of 
us,*  consist  of  a  triple  alloy  of  gold,  silver,  and  copper.  The  earliest 
one  in  existence  was  made  in  1527,  the  year  following  the  first  intro- 
duction of  the  standard  916().  This  plate  contained  only  0*62  per 
cent,  of  copper,  and  was  probably  intended  to  consist  of  gold  and 
silver  only.  All  subsequent  plates,  however,  down  to  that  made  in 
1829,  contained  much  larger  amounts  of  copper.  In  1873  it  was 
determined  to  omit  the  silver  and  to  use  only  copper  as  the  alloying 
metal,  and  thus  to  preserve  identity  of  composition  between  the  trial 
plate  made  in  that  year  and  the  coinage.  In  view,  however,  of  the 
importance  of  obtaining  homogeneous  trial  plates  and  of  the  ease  with 
which  the  exact  quantity  of  copper  required  to  make  the  assay  pieces 
identical  in  composition  can  be  added  to  the  pieces  of  the  trial  plate 
during  the  course  of  the  assays,  it  is  preferable  to  use  only  silver  as 
,  the  alloying  metal  in  the  manufacture  of  the  trial  plates. 

Such  an  alloy  has  accordingly  been  used  at  the  Royal  Mint  since 
the  beginning  of  the  present  year  instead  of  fine  gold  for  checks  in  the 
assay  of  standard  bars  and  coins.  In  view  of  the  minute  accuracy 
with  which  the  operations  of  coinage  have  to  be  conducted,  this  is  a 
matter  of  much  importance.  By  this  method  any  errors  are  avoided 
which  might  be  caused  by  accidental  variations  in  weights  occurring 
after  the  trial  plates  have  been  made. 

•  Roberts. Austen,  *  Chem.  Soc.  Journ.,*  1874,  p.  197. 
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Abnormal  Changes  in  some  Lines  in  the  Spectrum  of  Lithium/' 
By  Hl-gh  Eamagk,  B,A.,  St  John's  College,  Camhridge- 
Conimanityited  by  ProfeHSor  G.  D.  Liykixg,  r,K.S.  Keceived 
Nov^ember  19, — Read  Deeembei"  11,  1902. 

In  the  course  of  an  invesitigatioii  on  the  flame  efiectra  of  metals,  the 
writer  has  examiuod  the  spectrum  of  lithium.  Borne  facts  have  been 
discovered  of  sufficient  importance  for  a  j:C?parate  paper. 

The  same  spectrometer  wai^  used  as  in  the  investigation  on  the 
'  Spectra  of  Potassium,  &c/'*  Whilst  the  wave-leugths  of  some  of 
the  lines  in  the  flame  spectrum  of  lithiiuu  agree  closely  with  those 
jBfiven  by  Kaysor  and  Riiuge  for  the  Unes  in  the  arc  spectrum,!  the 
wave-lengths  of  otlier  lines  rliffer  considerably  from  these.  The  mim- 
bers  and  ditTerences5  are  gi^  en  in  the  following  table  : — 


Orjhydrogeti 

flame  spi^ctnim 

(Aathor). 


Arc  spectrum  (Kajier  and  Ruuge). 


Principal  aerici. 


S««otid  »u1)ordiDQt6 


Firit  vubordinnto 
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The  only  important  differences  occur  in  the  lines  of  the  first  subor- 
dinate series.  Exner  and  Haschek  have  given  the  wave-lengths  of 
three  lines  in  the  spark  spectrum*  as  2815*55,  3232-91,  and  460310. 
The  last  is  described  as  reversed.  Eder  and  Yalenta  have  given  the 
wave-length  of  the  blue  line  in  the  Bunsen  flame  spectrum  as  4602 '4,1 
and  as  4602*46  in  the  spark  spectrum  when  a  condenser  was  used.  J 
They  described  the  latter  measurement  as  that  of  the  middle  of  abroad 
dark  line,  the  less  refrangible  wing  of  which  was  stronger  than  the 
other,  and  diffuse  towards  the  red.  They  also  gave  measiu-ements  of 
five  other  lines,  and  these  agree  closely  with  the  arc  lines  given  by 
Kayser  and  Runge.  Professor  Hartley  recorded  four  lines  in  the 
oxy hydrogen  flame  spectrum  of  lithium  chloride  §  corresponding  to  the 
first,  foiuth,  sixth  and  eleventh  of  the  lines  in  the  above  table.  The 
blue  line  was  measured  in  the  flame  spectrum  on  four  plates,  and  the 
results  differed  only  in  the  second  decimal  place,  the  figures  in  which 
were  8,  7,  6  and  7.  Professors  Liveing  and  Dewar  made  some  observa- 
tions by  eye  on  the  appearance  of  the  blue  line  in  the  arc  spectmm 
which  led  them  to  believe  there  were  two  lines,  a  strong  one  with  a 
weak  line  on  the  more  refrangible  8ide,||  and  Kayser  and  Runge,  after 
referring  to  this,  say  : — U  "  Wir  haben  nur  bei  zwei  Aufnahmen  neben 
der  Hauptlinie  eine  zweite  schwache  umgekehrte  Linie  bei  46031 3 
erhalten ;  da  aber  hier  eine  Eisenlinie  liegt,  glauben  wir,  dass  dies  eben 
die  Eisenlinie  ist,  welche  sich  durch  den  hellen  Hintergrund  der 
Lithiumlinie  umgekehrt  hat." 

The  wave-length  of  the  line  which  Kayser  and  Runge  attributed  to 
iron  agrees  with  that  obtained  by  the  author  for  the  bright  line  in  the 
flame  spectrum,  and  by  Exner  and  Haschek  for  the  reversed  line  in  a 
spark  spectrum.  It  was  decided  in  view  of  these  differences  to  take  a 
series  of  photographs  of  the  arc  spectrum  of  lithium,  using  the  carbo- 
nate of  lithium  on  carbon  poles,  and  to  study  especially  the  appearances 
of  the  blue  line.     The  results  will  now  be  briefly  described. 

A  Gulcher  arc  lamp  with  vertical  carbons  was  used.  When  the  arc 
was  started  with  a  quantity  of  lithium  carbonate  on  the  carbons,  a 
large  proportion  of  the  salt  was  freely  volatilised  and  expelled  in  the 
form  of  a  dense  vapour.  As  the  arc  lamp  was  placed,  the  magnetic  field 
produced  by  the  feed  mechanism  caused  the  bulk  of  the  vapour  to  be 
expelled  in  the  direction  of  the  collimator.  Photographs  of  the 
spectrum  taken  at  this  early  stage  show  the  line  as  a  very  broad  bright 
line  extending  from  4610*4  to  4593*5,  with  a  narrow  dark  line  extend- 

•  *  Sitzber.  kais.  Akad.  WieD,'  vol.  106,  Abth.  2a  (18d7),  p.  1138. 
t  *  Denkschr.  kais.  Akad.  Wien,'  toI.  60  (1898). 

I  *  Denkschr.  kais.  Akad.  Wien/  toI.  67  (1898). 
§  *Phil.  Trans.;  A,  vol.  185  (1894),  p.  177. 

II  'Phil.  Trans.,'  vol.  174  (1883),  p.  216. 
%  Ibid,,  p.  20. 
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mg  (2  in  tigure)  from  460-1  "46  to  4602^71,  having  ita  middle  (mesia tired) 
It  4603*06-     The  middle  of  the  broad  bright  line  is,  according  to  the 
^bove,  lit  wave-length  4601  "05,  and  the  middle  of  the  dark  line  {reversetl) 
coincident  with  the  bright  line  of  the  flame  spectnun. 


M    I    I    I 
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Some  photographs  were  also  taken  of  the  spectrum  of  the  trans- 
parent flame  which  issued  from  the  arc,  the  bar  magnet  being  used  as 
above.  With  a  short  exposure  one  narrow  bright  line  was  obtained  of 
wave-length  4603*06 ;  with  a  longer  exposure  this  bright  line  was 
much  stronger,  and  there  was  the  appearance  of  a  weak  line  on  its 
more  refrangible  side,  exactly  as  Professors  Liveing  and  Dewar  described. 
The  wave-lengths  of  these  two  were  4603*18  and  4601'89  respectively 
on  one  photograph  (5  in  figure),  and  4603*12  and  4601*65  on  another. 
The  last  line  was  fairly  sharp  on  the  less  refrangible  side,  whilst  it  faded 
gradually  on  the  other  side  (6  in  figure).  With  still  longer  exposures 
the  weaker  line  could  not  be  distinguished  from  the  wing  of  the  much 
expanded  bright  line.  This  wing  when  weak  always  resembles  a  line, 
and  it  was  thought  that  a  line  might  be  nearly  coincident  with  its  less 
refrangible  edge.  Measurements  showed  that  this  edge  varied  in 
position  on  different  photographs,  but  Professor  Liveing  suggested 
that  the  tip  might  be  formed  by  a  line,  and  if  so,  the  tip  should 
always  have  the  same  wave-length.  The  following  table  gives  the 
wave-lengths  of  the  two  tips  on  different  photographs  : — 


Spectrinn. 

Tip  of  weaker 
side. 

Tip  of  stronger 
sidcj. 

206-^ 

4601-68 

213^ 

•83 

4603  •n 

213* 

•66 

•11 

214> 

•72 

•03 

222« 

•78 

•10 

222' 

•82 

•11 

224^ 

•82 

226- 

•83 

226^ 

•95 

4603-21 

232« 

•79 

This  evidence  is  not  conclusive ;  both  tips  appear  to  vary,  but 
the  weaker  one  varies  more  than  the  other.  The  arc,  in  these  ex- 
periments, was  formed  with  a  Gulcher  lamp  with  the  carbons  vertical, 
the  positive  being  uppermost,  and  the  image  of  the  arc  projected 
on  to  the  slit  of  the  collimator  by  a  lens.  It  was  observed  that  the 
less  refrangible  point,  wave-length  4603*1,  was,  in  many  photographs, 
higher  on  the  plate  than  the  weaker  point;  it  was  given  out  by 
vapour  quite  near  to  the  positive  pole.  It  was  observed  also  in 
some  photographs  that  the  line  extending  from  it  faded  away  lower 
down;  the  vapour  near  the  negative  pole  did  not  emit  this  line 
but  gave  the  broad  bright  line  with  the  broad  dark  line  down  its 
middle.  This  broad  bright  line  fades  away. as  the  positive  pole  is 
approached ;  the  more  refrangible  wing  ends  in  a  point,  but  the  less 
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lefmngiblc  wing   is    lost    in   the  bnght  line  of  wave-length  4603' L 

There  appears  then  in  the  middle  portion  of  the  spectrum  a.  broad 

lark  line  \rith  wings  of  uneqiuil  extent,  and  the  lesa  refrangible  wing 

broader,  audj  near  its  more  refrangible  edge,  much  stronger  than 

Ihe  other  wing.     The  broad  dark  line  extended  on  such  photographs 

Irom  (1)   4602*72   to  460r81,  (2)  4602^86  to  4602^05,  (3)  4602-73  to 

1601  *62,  and  in  two  other  cases,  where  there  were  lesa  differences  of 

titenaity  between   the  two  wings,  from   4603'!26  to  4601 '61  and  from 

tC03'07  to  4601-59.     There  were  indications  on  some  photographe  of 

bright  line  near  the  middle  of  the  broad  dark  line  ;  the  measure- 

lents  of  such  a  photograph  gave  :— 

Less  refrangible  edge  of  broad  dark  line  4603-40 

Apparent  bright  line 4602*57 

More  refrangible  edge  of  broad  dark  line 4601  "31 

The  absorption  l>ands  of    i  ever  sals  in  such  a  photograph  as  thm 

Ire  comparatively  bright,  for  there  is  considerable  action  on  the  plate 

^hore  the  images  of  these  bands  fall  (4  in  figure).     The  eifect  is  prob- 

Ibly  flue  tothe  stiperpoeition  of  the  spectrum  of  the  outer  flame  upon 

I  hat  of  the  inner  core  when  both  are  giving  reversed  lines. 

Some  observations  were  made  at  Professor  Livcing's  suggestion  on 
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moist  lithium  carbonate  which  had  been  fused  into  the  aluminium  cup. 
The  blue  line  was  very  weak  and  nebulous,  and  it  was  difficult  to 
obtain  measurements  of  it.  The  following  were  obtained  from  four 
photographs  :— 4603-18,  4603-U,  4602*99  and  4603-97;  the  mean 
of  these  is  4603*15.  Better  photographs  were  obtained  when  a  coil 
of  wire  was  also  introduced  into  the  secondary  circuit.  The  line  more 
nearly  resembled  that  obtained  when  no  Leyden  jar  was  used ;  the 
broad  reversed  line  was  more  clearly  defined  at  the  electrode  when 
negative  than  when  positive. 

An  attempt  was  made  to  photograph  the  blue  line  in  the  Bunsen 
flame  spectrum,  but  with  an  exposure  of  six  hours  no  trace  of  it  was 
obtained. 

Other  lines  in  tlie  Spectrum  of  Lithium, 

The  orange  line  was  examined  in  the  arc  and  flame  spectra  by  eye 
observations  and  by  photography.  The  line  in  the  flame  spectrum 
was  measured  on  foiu*  plates  : — 


lectrum. 

Ware-length. 

2442 

6103-84  centre  of  line. 

244-i 

6103-85  near  tip  of  line. 

244* 

6103-88  rather  strong  line. 

2452 

6103-84 

245'^ 

6103-83 

The  mean  of  these,  omitting  the  rather  strong  line,  is  6103*84.     None 
of  these  lines  showed  any  signs  of  reversal. 

The  wave-length  of  the  bright  line  in  the  arc  produced  by  the 
Oulcher  lamp  in  the  open  was  : — 

Spectrum.  WaTe-lengtli. 

241^  6103  -81  nebulous  in  middle  with  sharp  points. 

The  nebulous  part  extended  from 
6102-46  to  6104-94. 

242-^       6103-86 

242^       6103-82 

The  mean  result  is  6103-83. 

The  orange  line  is  easily  reversed  in  the  arc.  The  reversed  line  was 
photographed  and  the  wave-length  measured  on  two  plates,  the  results 
being  6103*82  and  6103-84.  The  reversal  was  narrow  and  the  wings  did 
not  extend  very  far.  The  more  refrangible  wing  was  slightly  broader 
than  the  other,  and  this  diff^erence  was  observed  in  the  photographs 
and  by  eye  observations.  The  part  of  the  arc  near  the  negative  pole 
was  examined  very  carefully ;  the  line  was  most  sharply  reversed  in 
that  part,  but  there  was  no  trace  of  a  broad  dark  line.  The  orange 
line,  with  the  exceptions  noted,  behaved  normally. 
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Measurerijcrits  were  jlIso  made  of  two  other  lines  in  the  arc  sj>6c- 
rum.  The  wave-length  of  a  weak  and  very  diffuftD  line  on  one  plate 
\i)^  4 132 -82,  and  that  of  a  very  weak  shai-p  line,  4273^32.  T!ie 
^rmer  lint?  on  another  plate  was  stronger  and  1>roader;  its  middle 
^asi  at  41 32-35,  whikt  the  other  lina,  much  broadened  towards  tlie 
|ed,  had  its  stionge^iit  part  at  42T3"62, 

The  current  used  in  workirjg  both  the  open  and  enclosed  arcs  was 
ll^ont  9  amptTes,  Kayser  and  Kunge  employ od  a  current  of  25 — 35 
Imperes  from  one  machine  and,  to  hring  out  the  weak  lines  in  some 
Ipeetra,  ii  current  of  40 — [»Oamp<'i"es  from  another  machine-  It  seems 
Irohable  that  they  worked  with  tbe  intense  arc  which  was  only  olitainod 
ly  the  author  when  the  carbons  w^tq  very  near  together,  anfl  that  they 
Ibserved  otdy  the  spectrum  of  broadened  lines  which  the  author  found 
as  enuttcil  Ijy  the  intense  are  and  near  the  negi^tive  pole  by  weaker 
ITCS!.  Their  remarks  on  the  appearances  of  the  lines  in  the  first  atid 
leconil  subordinate  series  coiiHrm  this  view,  P>ler  antl  Valenta 
lb  tallied  a  siniilar  spectrum  to  Kayacr  aiul  Range's  arc  spertnmi  in 
tie  spark  speetnim  of  metallic  lithium  when  they  used  a  condenser  in 
Ihe  aecondary  circuit. 

The  author  has  pleasui-e  in  thanking   Profesaor  Livoing   for   the 
lit  crest  ho  has  taken  in  this  w^ork  and  for  some  u.^efnl  suggestions. 
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[Added  Nov.  28,  1902. — Since  this  paper  was  communicated  to  the 
Eoyal  Society,  I  have  seen  a  paper  on  the  spectrum  of  lithium,  by 
Hagenbach,  in  the  *  Annalen  der  Physik/  No.  12,  1902,  which  was 
published  on  November  13.  The  experimental  part  of  his  paper  deals 
almost  entirely  with  the  blue  line,  and  the  fact  that  there  are  other 
abnormal  lines  in  the  spectrum  of  lithium  is  recorded  above  for  the  first 
time.  Hagenbach's  conclusion  that  there  are  two  lines  near  wave- 
length 4603  is  not,  I  think,  established ;  and  I  still  hold  that  the 
views  expressed  in  this  paper  are  more  probable.  He  has  not  been 
able  to  find  the  second  line  as  a  bright  line,  so  the  difficulties  in  the 
way  of  accepting  the  view  that  there  is  a  second  dark  line,  without 
a  corresponding  bright  line,  remain.  He  has  not  referred  to  Pro- 
fessors Liveing  and  Dewar's  work,*  and  his  evidence  for  saying  there 
are  two  lines  is,  in  fact,  similar  to  the  evidence  they  gave.] 


'  An  Error  in  the  Estbiiatiou  of  the  Specific  Gravity  of  the  Blood 
by  Hammersclilag'H  Method,  when  employed  in  connection 
with  HydrometerH."  By  A.  G.  Levy,  M.D.  (London).  Com- 
municated by  Sir  Victor  Housley,  F.E.S.  Keceived 
November  25, — Head  December  11,  1902. 

(From  the  Laboratory  of  Pathological  CliemiBtrr,  Unirersity  College,  London.) 

Hamnierschbig's  method  of  estimation  of  the  specific  gravity  of  the 
blood  is  an  application  to  clinical  purposes  of  a  physical  method 
frequently  employed  when  only  a  small  quantity  of  the  substance 
under  investigation  is  obtainable.  The  method  may  be  briefly  described 
;is  the  adjustment  of  the  specific  gravity  of  a  mixture  of  chloroform 
and  benzol  by  small  successive  additions  of  either  constituent  until  it 
corresponds  to  the  specific  gravity  of  the  blood,  the  test  of  the  attain- 
ment of  this  condition  being  that  a  small  drop  of  the  blood,  when 
immersed  in  the  mixture,  shall  remain  suspended  without  any  very 
obvious  tendency  to  rise  or  sink.  The  specific  gravity  of  the  mixture 
is  then  estimated  by  means  of  a  hydrometer,  the  scale  of  which  is 
graduated  to  register  densities  lying  between  the  maxinmm  and  mini- 
mum densities  of  blood,  2.^.,  from  1*020  to  1080. 

In  order  to  attain  a  rapid  adjustment  of  the  relative  proportions  of 
the  chloroform  and  benzol,  it  is  the  general  practice  to  use  a  com- 
paratively small  quantity  only  of  these  fluids  and  a  small  hydrometer, 
and,  as  will  be  hereafter  seen,  the  size  of  the  instrument  is  an 
important  factor  in  the  magnitude  of  the  error. 

This  error  was  commented  upon  in  a  paper  read  by  Dr.  Baumann 

*  *  Phil.  Trans.,'  vol.  17-4  (1883),  p.  215. 
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|efoi'c  a  recant  meeting  of  the  Physiological  Society,  in  which  he 
t!Cor*1e(l  estimatloim  hy  Hammeraehlng's  methotl  which  exceeded  by 
1*01  ti    the   estimation  of   tho    specific    grandly  of   the  blood  by  the 

licnometer  method,     I>r,  Banraann  also  mentioned  eimilar,  but  less 
r)nsidcra]>lc,  excessive  rea*lings  noted  by  certain  other  observers,     I 
myself,  in  the  coiu'se  of  a  series  of  experiments  upon  the  blood 

If   dogs,*  occ^ision    to    remark   upon    the    conBistontly  high    results 

lielcled  by  Hammerschla^'a  method,  the  excess  }>eing,  in  my  cases^ 

>om  0007  to  0^008, 
With    the    purpose  of   in\estigating   tho   source  of   this   error,   I 

|reparcd  two  mixtures,  tho  one  (A)  of  chloroform  and  Ijenzol^  and 
iie  other  (B)  of  glycerine  and  water,  and,  iii  each  case,  ad  justed 
relative  proportions  until  identical  readings  were  obt^iined  on 
le  scale  of  the  same  hydrometer.     On  immersing  a  drop  of  mixture 

ll)  in  a  ves?5cl  of  mixtiu'e  (A),  it  rapidly  sank  to  the  bottom,  thus^ 
dicating,  in  the  absence  uf  interfluid  exchanges,  an  actually  higher 

l>ecific  gi'avity  of  (B).     This  indeed  could  be  demonstrated  by  other 

liethocbi  of  finding  the  <leoijiUes  of  the  two  liquids,  i.t.^  \\y  the  weigh- 

lig  bottle  or  picnomctcr,  or  by  Westphara  specific  gravity  balance. 

|he  (occurrence  of   a  gross  fault  in  the   hydrometer  method  being 
l>]iflhed,  it  remained  to  investigate  its  extent  and  origin. 
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Table  I. 
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No.  of  hydrometer 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

Weight  in  grammes ••• 

15-3118 

11-367 

3-81 

2  868 

Diameter  of  stem  in  mm 

3*95 

4-37 

3-55 

3-13 

Length  of  first  division   of  scale 
(i.e.,  1  -000  to  1  -001)  in  mm. 

1-29 

0-74 

0-417 

0-398 

Beading  of  scale  in  a  chloroform 
benzol  mixture  of  specific  gravity 
-  1-000 

1-002 

1-003 

1-0095 

1-010 

No.  1  hydrometer  is  a  more  sensitire  instrument  than  the  ordinary  urinometer, 
having  a  large  barrel  and  a  comparatirely  fine  stem.  No.  2  is  an  ordinary  urino- 
meter such  as  is  in  general  use  in  hospitals.  Hydrometers  Nos.  3  and  4  are 
considerably  smaller  instruments,  and  are  similar  to  those  which  have  betn 
cmploved  in  this  laboratory  for  use  in  connection  \rith  Hammerscli lag's  method. 

immersion  which  corresponds  to  the  mark  1  '000  on  the  stem  when  the 
hydrometer  is  floating  in  water. 

If  the  same  hydrometer  is  floated  in  a  chloroform  and  benzol  mix- 
tiu-e  of  sp.  gr.  =  1  000,  the  same  volume  of  mixture  is  displaced,  but, 
as  in  this  case  the  liquid  possesses  a  lower  surface  tension,  the  pull 
upon  the  stem  is  less  powerful,  and  hence  less  of  it  is  immersed  from 
this  cause  than  in  the  case  of  water,  the  degree  of  surface  tension 
immersion  being,  in  the  two  instances,  in  direct  proportion  to  the 
respective  values  of  the  surface  tensions.  The  mark  1*000  on  the 
stem,  therefore,  floats  a  little  distance  above  the  surface  of  the  mixture, 
and  the  hydrometer  hence  shows  a  reading  which  is  higher  than  the 
actual  specific  gravity. 

The  length  of  the  divisions  Jind  the  diameter  of  the  stem  of  any 
hydrometer  being  known,  the  error  due  to  surface  tension  may  be 
calculated. 

The  value  of  surface  tension  may  be  readily  expressed  in  milli- 
grammes for  each  millimetre  of  the  circumference  of  the  stem  on 
which  its  acts.  The  surface  tension  of  water  is  estimated  by  Van  der 
Mensbrugghe  as  7*3  milligrammes  per  mm.  Other  observers  have 
found  higher  values,  but  it  is  difl&cult  to  obtain  water  sufficiently 
clean  to  exhibit  even  the  surface  tension  of  7*3  milligrammes,  for  an 
exceedingly  slight  contamination  of  the  surface  by  greasy  matter 
suffices  to  appreciably  reduce  the  tension. 

The  surface  tensions  of  chloroform  and  benzol  are  very  nearly  eo^jivsl 
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vtune,  and  may  he  taken  in  each  ease,  for  purposes  of  calciilRtiont  as 
1 75  milligi'anmics  per  mm.^  ihc  actual  figures  given  by  eonie  other 
iaervers  varying  slightly,* 

1 1  ftii'ther  find,  by  experiment,  that  the  surface  tendon  of  a  mixtiiro 

the  two  fliiidji  of  any  specific  gravity  between  l-OOO  and   1'080  is, 

Ir  practical  ptiriK)ses,  the  same  as  that  of  the  iudividiml  fluidis. 

]  The  numerical  difference  between  the  values  of  the  surface  tensions 

water  and  n  chloroform  and  benzol  mixtiu'o  is  therefore  4'&5  luilH^ 

[ammea  (7 '3 — 2 '75),  and  this,  wheji  multiplied  l^y  the  circumference 

Ixpressed  in  mm.)  of  the  hydrometer  stem,  is  equal  to  the  weight  in 

illigrammes  of  a  columri  of  the  mixture  of  the  same  diameter  aH  the 

in  question,  and  of  i%  length  which  equals  the  extent  to  which 

Le  stem  is  exposed  lieiow  the  specific-gravity  mark  which  shoidd  be 

lie  proper  reading  of  the  hydrometer. 

This  length  may  be  calcidated  according  to  the  simplified  formula 
1=  2T/n(',  where  A  is  height,  T  is  surface  tension,  r  is  the  radinsof  tlio 
■em,  and  w  is  the  specific  gravity  of  the  fliud. 
Having  c^dculatcd  this  height  in  the  case  of  a  hydrometer  immerstMl 
a  chloroform  and  benzol  mixture  of  sp.  gr.  I'OOO,  the  division  of 
Lis  by  the  average  length  of  the  first  divisions  o£  the  scale  gives  tho 
peoretica!  error  (at  this  specific  gravity)  of  the  hydrometer,  expressed 
I  uiiiu. 
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ment  that  each  instrument  possessed  an  intrinsic  error  which  tended 
to  minimise  the  error  of  reading. 

A  hydrometer  and  its  containing  vessel  were  carefully  cleansed  with 
benzol  and  protected  from  contamination  with  greasy  matter,  and  a 
sample  of  water  taken,  which  was  the  cleanest  readily  obtainable,  Le., 
tap-water  which  had  been  allowed  to  run  through  the  pipe  for  some 
fifteen  minutes.  On  immersing  the  hydrometer  in  this  water,  the  mark 
1  -000  rested  a  slight  distance  below  the  surface.  The  water  in  which 
the  hydrometer  vras  standardised  must  have  been  cont^vminated,  and 
hence  possessed  a  considerably  lower  surface  tension  than  that  of  the 
comparatively  clean  water  in  which  my  experiment  was  performed. 

All  the  four  hydrometers  of  my  tables  I  found  to  possess  this 
intrinsic  error,  which  I  estimated  somewhat  roughly,  and  have 
expressed  in  scale  units.  When  these  innate  errors  are  added  to  the 
errors  of  Table  I,  the  totals  more  closely  approximate  to  the  calculated 
errors.     (Sec  Table  TIT.) 


Table  III. 


Hydrometer. 


Error  due  to 
diflFereiice  between  , 
wiirfaco  tensions  of  ^ 
impure  water  and  a 
chloroform-benzol 
mixture. 


ICrror  due  to 
difference  of 

surface  tensions 
of  impure 

and  clean  water. 


I 


0-002 

0  0014 

0  003 

0-002 

0  0095 

O0O2 

0-010 

0-003 

Total  error. 


0-0034 
0  005 
0-0115 
0-013 


Calculated 
error. 


0-0035 
0-0056 
0  -0123 
0  014« 


There  is  thus  sutticient  agreement  l^etween  the  values  of  the  observed 
and  calculated  errors  to  demonstrate  that  the  disturbing  influence  of 
surface-tension  is  sufficient  to  cause  the  whole  of  the  error  in  the  hydro- 
meter reading  and  to  account  for  the  inaccuracy  of  Hammerschlag's 
method.  Taking  into  consideration  the  varying  value  of  the  surface 
tension  of  water,  and  the  fact  that  no  accurate  determinations  were 
made  by  me  of  each  individual  specimen  of  water  or  of  chloroform  and 
benzol,  very  exact  calculations  are  precluded.  Had  this  been  done 
doubtless  a  more  exact  agreement  between  observations  and  calcula- 
tions would  have  resulted.  Furthermore,  observations  of  this  nature  . 
are  replete  with  difficulties  which  can  not  be  touched  on  here,  but 
which  may  be  gathered  from  a  paper  upon  an  elaborate  investigation 
into  a  similar  subject  by  Fridtjof  Nansen.* 

♦  "Scientific   Results   of    the   Norwegian   North   Polar   Expedition,"   vol.    3, 
Part  10 
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The  differeiictJ  m  tlio  error  of  th(5  several  hj^dromet'era  is  readily 
liccountcd  for.  A  consideration  of  the  facts  already  set  forth  shows 
[hat  the  errot'  when  expressed  in  scale  unit«  miist  vary  directly  as  the 
[adins  of  the  stem,  and  inversely  as  the  total  weight  of  the  instrument, 
lo  that  when  the  stem  is  fine  in  comparison  with  the  weight,  the  error 
is  small.  But  in  making  a  small  hydrometer  it  is  impossible  to  keep 
llowj[  the  relative  proportion  of  the  stem.  It  thus  follows  that  the 
Imaller  hydrometers  exhibit  a  greater  surface  t-onsion  error  than  the 
irger  ones. 

The  greatest  discrepancy  which  I  have  ^^trrtd  m  any  hydrometer  in 
thlorofomi  antl  benzol  was  0^014.  This  instrnmeiit  was  a  small  one, 
traduated  from  1-020  to  1'080,  and  is  not  included  in  the  above 
tibles. 

This  source  of  error  in  Hammerachlag's  methml  may  be  oliviatod 

( I. )  The  eatimation  of  the  specific  gravity  of  the  chloroform  and  benzol 
kiixtnre  by  means  of  an  instrument  which  excludes  or  minimises  the 
lurface  tension  factors.  The  most  convenient  \&  some  such  balance  as 
IVestphHi'H,  ill  which  the  surface  of  the  fluid  is  intersected  by  an 
txcecdin^ly  fine  platiiuun  v^ire  only*     The  employment  of  hydrostatio 

!*blcs  \n  inconvenient  on  account  of  the  loog  senes  required.     The 
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"  (.Quaternions  and  Projective  Geometry."  By  Ciiarlks  J.  Joly, 
F.T.C.D.,  lioyal  Astronomer  of  Ireland.  Communicated  by 
Sir  Robert  S.  Balt.,  F.E.S.  llcceived  Xovember  27, — Bead 
Deeemher  11,  1902. 

(Al)stract.) 

The  object  of  this  paper  is  to  include  projective  geometry  within 
the  scope  of  quaternions.  The  calculus,  as  established  by  Hamilton, 
W518  solely  adapted  to  the  treatment  of  metrical  relations,  but  when  we 
regard  a  quaternion  as  representing  a  weighted  point,  projective 
properties  can  be  investigated  with  great  facility.     Writing 

the  point  represented  by  the  quaternion,  (/,  is  the  extremity  of  the 
vector,  V<?/S^,  drawn  from  an  arbitrary  origin,  and  the  weight 
attributed  to  the  point  is  S//;*and  this  interpretation  ^requires  no 
modification  in  the  principles  of  the  calculus. 

In  this  paper  the  theory  of  the  linear  quaternion  function  is 
developed  to  a  considerable  extent,  and  this  theory  is  of  fimdamental 
importance,  because  the  most  general  homographic  transformation  in 
space  is  expressil)le  by  means  of  a  linear  quaternion  function.  One 
section  of  the  paper  is  devoted  to  the  consideration  of  the  scalar 
invariants  of  lineiir  quaternion  functions,  and  among  these  are  included 
the  invariants  of  systems  of  quadrics  which  correspond  to  the  particular 
case  in  which  the  functions  are  self -con  jugate.  Moreover,  in  this 
section  and  more  fully  in  the  section  on  cmxiriancey  it  is  pointed  out 
that  the  in  variance  in  the  case  of  the  general  functions  is  wider  than 
in  the  case  of  self-conjugate  functions.  In  fact,  in  the  special  case, 
the  functions  must  remain  self -con  jugate  after  transformation.  It  is 
shown  that  there  are  in  all  eight  distinct  types  of  covariance. 

The  decomposition  of  linear  transformations  is  also  considered,  and 
much  use  is  made  of  the  square-root  of  a  linear  quaternion  function. 
A  section  is  occupied  with  the  determination  of  the  linear  trans- 
formations which  shall  convert  given  figiu'es  into  other  given  figures, 
and  Avith  the  conditions  which  in  certain  cases  must  be  obeyed  in 
order  that  such  a  transformation  may  be  possible. 

The  general  surface,  the  principle  of  reciprocity,  generalised  curva- 
ture and  geodesies,  are  dealt  with  in  a  subsequent  section,  and  the 
chief  properties  of  an  operator  analogous  to  Hamilton's  y  are  exhibited 
in  the  section  immediately  following. 

Several  sections  are  occupied  with  the  theory  of  the  bilinear  quater- 

•  'Trans.  T{.  Irish  ApimI.,'  toI.  82,  pp.  1—16. 
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iLioii  functiotij  and  thiiB  fuiietioji  is  employ^il  hi  the  investigatioji  of 
Ihe  properties  (if  it  frnirsyetem  of  liiiBar  tT'anaformatiouSj  of  the 
general  quadrat  it.^  tnuisformationj  and  of  the  uoii-Uncar  one-to-one 
pori-espondcnce  of  points  in  >ipace>  The  liiethod  of  quateriiioii 
pray  a*  h  applietl  to  the  disctiBsion  of  /f -systems  of  linear  ti'ansforina- 
tions,  and  of  the  cntical  asaenibhigcs  of  poiiitJSt  (jJies  and  planes  con- 
liectcd  with  each  ay  a  tern  of  transformations.  Finally^  in  the  coii- 
Lluding  section  it  is  explained  how  the  method  of  the  piqier  may  ]m 
lipplied  to  hyper-space,  or  to  the  discufision  of  fnnetionis  of  any 
liumher  of  variables ;  and  in  many  cases  the  formulas  obtained  in  the 
lourHd  of  the  paper  iv  ith  special  reference  to  three  dimensions  require 
\\o  modificatioii  to  fit  them  for  the  general  ^am  of  n  variables. 


I'Tlif  Stftbilit}*  of   the  Pear-shaped   Figure  of  Ecjuilibriiuu  of  a 
Tititatiny    Mass    of    Li.piid;*      By   G.    H.    IJAnwts,   FJLS 
Pluniian   Professor  and   Fellow   oi   Trinity  College,  in  the 
University   of   Canibritlge.      llec^ived   and    Head   June   19 
H»02. 
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treated  as  a  statical  problem,  if  the  mass  be  subjected  to  a  rotation 
potential.  The  energy  lost  in  the  concentration  of  such  a  system  from 
a  condition  of  infinite  dispersion  consists  of  two  parts.  The  first  of 
these,  say  W,  is  the  lost  energy  of  the  system  at  rest ;  the  second  is 
equal  to  the  kinetic  energy,  say  T,  of  the  system  in  motion.  The 
whole  lost  energv%  say  E,  is  equal  to  W  +  T,  and  the  condition  for  a 
figure  of  equilibrium  is  that  E  shall  be  stationary  for  all  variations, 
subject  to  constant  angular  velocity. 

It  might  appear  at  first  sight  that  the  condition  for  secular  stability 
is  that  E  shall  Ikj  a  maximum.  But  M.  Poincarc^  has  shown  that  this 
condition  is  insufficient,  and  that  it  is  necessary  for  stability  that  the 
whole  energy,  say  U,  which  is  equal  to  -  W  +  T,  shall  be  a  minimiun 
for  all  variations,  subject  to  the  condition  of  constiincy  of  angular 
momentum. 

He  has,  however,  adduced  another  consideration,  which  enables  us  to 
determine  the  stability  from  the  variations  of  E,  without  a  direct  con- 
sideration of  the  function  U.  He  has  shown,  in  fact,  that  if  for  given 
angular  momentum  slightly  less  than  that  of  the  critical  Jacobian 
ellipsoid,  from  which  the  peiir-shaped  figures  bifurcate,  there  is  only 
one  possible  figure,  namely,  the  Jacobian ;  and  if  for  slightly  greater 
angular  momentum  there  are  two  figures,  namely,  the  Jacobian  and 
the  pear,*  then  exchange  of  stability  between  the  two  series  must 
occur  at  the  bifurcation.  If,  on  the  other  hand,  the  smaller  momentum 
corresponds  A\dth  the  two  figures  and  the  larger  with  only  one,  one  of 
the  two  (namely,  the  Jacobian)  must  be  stable,  and  the  other  (namely, 
the  pear)  unstable. 

The  question  is  then  completely  answered  by  the  value  of  the 
uiomentiun  of  the  pear;  if  it  is  greater  than  that  of  the  critical 
Jacobian,  the  pear  is  stable,  and  if  less,  unstable.  It  suffices  then  to 
determine  the  pear  from  the  variations  of  E  with  constant  angular 
velocity,  and  afterwards  to  evaluate  the  angular  momentum. 

In  the  first  approximation  the  pear-shaped  figure  is  represented  by 
the  third  zonal  harmonic  inequality  with  reference  to  the  longest  axis 
of  the  critical  Jacobian  ellipsoid.  In  proceeding  to  the  higher 
approximation  I  suppose  that  its  amplitude  is  measured  by  a  para 
meter  f,  which  is  to  be  regarded  as  a  quantity  of  the  first  order.  We 
must  now  also  suppose  the  ellipsoid  to  be  deformed  by  every  other 
harmonic,  but  with  amplitudes  of  order  e^.  In  the  first  approximation 
W  was  proportional  to  e-y  but  it  now  becomes  necessary  to  go  as  far 
;ts  the  order  e*.  A  change  in  the  sign  of  e  means  that  the  figure  is 
rotated  in  azimuth  through  180°.  As  this  rotation  cannot  affect  the 
energy,  the  odd  powers  of  e  must  be  absent  from  the  expression  for  W. 
We  have  further  to  find  the  moment  of  inertia,  as  far  as  the  terms 

*  For  the  sake  of  simplicitr,  T  speak  of  one  pear  instead  of  two  in  aziinnllis 
diiferingby  180°. 
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order  ('\  and  thenee  to  find  the  kinetic  ener^  T.     The  function  E 

then  eqmil  to  W  +  T- 

In  urdor  to  iituiii  the  requisite  degree  of  accnmcy  it  m  convenient 

I  regard  the  pear  as  huing  bndt  up  in  an  artificial  manner. 

I  consti  net  an  ellipsoid  siinihiir  to  and  concentric  with  the  critical 
IftcoMfin,  and  therefore  it^^elf  |Kj«sessiiig  the  same  character.     The  size 

the  new  ellipsoid,  which  I  call  J,  is  nn defined  ;  and  is  subject  only 

the  condition   that  it  ^hall  !je  large  enough  to  enclose  the  whole 

|eju\     The  region  between  J  and  the  pear  being  called  II,  I  suppose 

be  pear  to  consist  of   positive  dcniiity  thri>ughont  J  and  negative 

lensity  throughout  K. 

The  hist  energy  of  the  }KNir  coniii:^ts  of  that  of  J  with  itself  *  say  i  JJ  ; 
If  J  w^ith  K\  which  is  filled  with  negative  densit}'^,  say  -  JU;  and  of 

U  with  itself,  aay  UiH.  This  last  contributioji  (which  had  baffled 
|ic)  nmst  hi^  broken  into  several  parts. 

If  we  itnagine  J  to  l>o  intersected  by  a  family  of  orthogonal  cnrvca, 
nd  if  we  suppose  for  the  moment  that  the  region  E  ia  filled  with 

sitive  matter,  w^e  may  further  imagine  the  matter  lying  inside  any 
^thngonal  tube  to  lie  transported  ulong  the  tube,  and  deposited  ou  the 

rfaee  of  d  in  the  form  of  a  concentration  of  positive  surface  density 

a 
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the  pear  above  the  kinetic  energy  which  it  would  have  had  if  it  rotated 
with  the  angular  velocity  of  the  critical  Jacobian.  If  w  denotes  the 
latter  angular  velocity,  and  (w^  +  ^'^)\  the  actual  angular  velocity  of  the 
pear;  if  Aj,  Ar  denote  the  moments  of  inertia  of  J,  and  of  R  considered 
as  filled  with  positive  density,  we  have 

E  =  i JJ  -  JR  +  CR  -  ^CC  +  ^DD  +  J  (A;  -  A,)  ^-* 

The  co-ordinates  of  points  are  determined  by  reference  to  the  ellip- 
soid J  which  envelopes  the  whole  pear.  The  size  of  J  is  indeterminate, 
and  therefore  the  formulae  must  involve  an  arbitrary  constant  expres- 
sive of  the  size  of  J.  But  the  final  result  for  E  cannot  in  any  way 
depend  on  the  size  of  the  ellipsoid  which  is  chosen  as  the  basis  for 
measurement,  and  therefore  the  arbitrary  constant  must  ultimately 
disappear.  Hence  it  is  justifiable  to  treat  it  as  zero  from  the  begin- 
ning, and  we  may  use  the  formula  for  the  internal  gravity  throughout 
the  investigation.! 

Although  the  constant  expressive  of  the  size  of  J  is  put  equal  to 
zero — which  means  that  the  pear  is  really  partly  protuberant  beyond 
the  ellipsoid — yet  there  is  a  considerable  amount  of  mental  conveni- 
ence in  continuing  to  discuss  the  subject  as  though  the  ellipsoid  com- 
pletely enveloped  the  pear. 

When  an  ellipsoid  is  deformed  by  an  harmonic  inequality,  the 
volume  of  the  deformed  body  is  only  equal  to  that  of  the  ellipsoid,  to 
the  first  order  of  small  quantities.  In  the  case  of  the  pear,  all  the 
inequalities,  excepting  the  third  zonal  one,  are  of  the  second  order,  and 
as  far  as  concerns  them  the  volumes  of  J  and  of  the  pear  are  the  same. 
But  it  is  otherwise  as  regards  the  third  zonal  harmonic  term,  and  the 
first  task  is  to  find  the  volume  of  such  an  inequality  as  far  as  v*. 
When  this  is  done,  we  can  express  the  volume  of  J  in  terms  of  that 
of  the  pear,  which  is  of  course  a  constant. 

By  aid  of  ellipsoidal  harmonic  analysis  we  may  now  express  the  first 
four  terms  of  E  in  terms  of  the  mass  of  the  pear  and  of  certain  definite 
integrals  which  depend  on  the  shape  of  the  critical  Jacobian  ellipsoid. 

The  energy  ^DD  presents  much  more  difficulty,  and  it  is  especially 
in  this  that  M.  Poincar^'s  insight  and  skill  have  been  shown.  The 
system  D  consists  of  a  layer  of  negative  volume  density  coated  on  its 
outer  surface  with  a  layer  of  sm^ace  density  of  equal  and  opposite 
mass.  His  procedure  virtually  amounts  to  regarding  this  system  as 
consisting  of  an  infinite  number  of  magnetic  layers,  whose  energy  may 
l)e  evaluated  and  summed.  The  reduction  of  this  part  of  the  energy 
to  calculable  forms  is  not  very  simple. 

•  A  term  depending  on  the  shift  of  the  centre  of  inertia  proTes  to  be  negligible, 
t  Compare  with  M.  Poincare's  treatment  of  the  same  point,  *  Phil.  Trans./  A, 
vol.  198,  p.  352. 


Dr.  A.  D.  Waller,     fhi  (he 
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Iiicuhateil   Hen's  3gg"     By 
KIt.S.     Received  July  17,— 


(From  the*  Physiological  Labomtofy  of  the  UniTeTiLtj  of  Iwondon^  8.W.) 

In  previous  communications  to  the  Society,  on  the  Eyeball,*  on  the 
Ikin.t  and  on  Leguminons  Seeds,  J  I  have  reported  the  results  of  experi- 

^nts  condneted  by  aUl  of  an  electrical  criterion  distinguJBhing  Ijetween 

iQ  living  and  not-living  state, 

The  present  communication  contains  the  results  of  a  scrie*?  of  syftte- 
liiitic  obsei-vations  on  the  hen's  egg  by  aid  of  the  same  diatiuguiihing 

St— ^r  blaze  reaction,  as  I  was  led  to  designate  it  when, it  first  came 

ider  ray  observation  in  the  ease  of  the  frog's  eyebalb 

The  eitse  of  the  hen's  egg  is  particularly  interesting,  for  while  we 
iJinnot  tell  <f  /mori  with  any  assurance  whether  or  no  a  doi*mant  egg 
lull  give  the  reaction  characteristic  of  living  matter,  we  may — after 
laving  learned  by  experience  that  it  does  not  do  so — expect  to  find 

iie  refiction  make  its  iippearance  with  the  progress  of  development  by 
^cubatioJL  Anrl  as  a  matter  of  fact,  we  find  that  thie  is  what 
ens. 
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Egg  No.  3,  also  at  the  end  of  48  hours,  gave  large  effects  in  both 
directions,  larger  and  more  persistent  in  the  upward  than  in  the 
downward  direction.  The  difference  between  the  reactions  of 
these  two  eggs  was  in  obvious  correlation  with  their  unequal 
degree  of  development,  for  whereas  in  No.  2  an  area  vasculosa 
was  only  just  apparent  at  one  border,  in  No.  3  it  was  well 
formed,  and  the  heart  was  observed  pulsating  for  more  than  12 
hours  after  exposure  of  the  blastoderm. 

No.  4  (72  hours)  reacted  well  in  both  directions,  and  was  normal. 

No.  5  (72  hours)  gave  me  pause.  In  spite  of  repeated  trial  I  could 
not  obtain  a  trace  of  the  reaction  that  I  expected  to  obtain. 
Every  stimulus  of  whatever  strength  and  direction  gave  rise  to 
a  slight  counter-effect.  But  the  explanation  of  the  result  was 
forthcoming  when  the  egg  was  opened.  No  development 
whatever  had  taken  place. 

No.  6  (72  hours)  gave  normal  reaction  in  both  directions.  Develop- 
ment was  normal. 

No.  7  (96  hours),  normal  reactions  and  normal  development.  Re- 
action abolished  by  rise  of  temperature  with  embryo  exposed. 

No.  8  (108  hours),  normal  reactions  and  normal  development.  Re- 
action abolished  by  rise  of  temperature. 

No.  9  (144  hours),  normal  reactions  and  normal  development. 
Reaction  abolished  by  injection  of  a  2*7  per  100  solution  of 
mercuric  bichloride. 

No.  10  (12th  day  of  incubation)  gave  no  blaze  in  either  direction, 
only  polarisation.     The  contents  of  the  egg  were  rotten. 

The  above  series  of  results  was  evidently  in  accordance  with  the 
fiuidamental  fact.  There  was  no  exception  to  rule  in  any  of  the  ten 
trials. 

Certain  of  these  ten  observations  were  taken  in  closer  detail  in  order 
to  get  at  information  as  to  relation  between  stimulus  and  response, 
effect  of  strong  electrical  stimulation,  (fee,  and  although  these  matters 
will  demand  considerable  further  investigation,  some  of  the  results 
may  be  described  now. 

This  first  series,  by  no  means  satisfactory  from  a  chicken-farmer's 
point  of  view,  was  practically  conclusive  for  my  purpose,  which  was  to 
learn  whether  the  presence  or  absence  of  a  living  embryo  could  be 
diagnosed  from  the  presence  or  absence  of  blaze-currents.    ' 

Other  trials  made  at  times  of  year  still  more  unfavourable  as  regards 
probability  of  development,  viz.,  in  August  and  in  November,  gave 
results  that  were  equally  satisfactory  from  my  point  of  view. 

Thus  in  the  second  series.  No.  1  after  32  hours'  incubation  gave 
Kmall  blaze  effects  of  ±  0*0010  volt  in  both  directions;  the  blastoderm 
was  the  size  of  a  sixpence,  and  there  was  no  sign  of  circulatiou,    ^o?^.^ 


^^^QMI^H 
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kI  3  wertj  used  in  the  aliaenco  of  iticubatioii  for  a  careful  examination 

f  the  uxpoeerl  Ijlastcnlerms,  ono  at  normal  temperature,  tho  other  at 
8'  ]  polar iHati on  currents  weie  iilone  ohservahle  in  these  two  casea, 
mounting  to  ±  0-0002  volL     Noa.  i,  5,  and  6  at  50  and  58  hours 
^tve  positive  blaze  of  only  0'0030  and  O'OOIO  volt,  and  their  blaato 
erms  were  found  to  be  very  defective.     Nos.  6,  7,  8^  9,  and  10  gave  no 
laze  whatever,  only  the  uBual  ^mi\\\  eounter-deflectiona  of  ±  0^0002 
olt  <lue  to  polarisation,  and  on  being  opened  exhibited  no  eigti  of 
evelopmcnt. 
Incidentally  to  this  first  aeries  of  trials  I  noted  that; — 
L  The  "•  normal  current,"  from  a  developing  egg,  le<i  off  as  described, 
positive  or  ascending,  and  if  the  egg  is  left  undisturbed  diminiahes 
uring  ol Innervation,      I  consider  it   to   be  a   "  manipulation   blaze" 
lie  to  handling  of  the  egg  he  id  distin-bance  of  the  end>ryo.      It  u 
i^sumaMy  the  current  first  pointed  out  by  Hermann  and  von  Gendre 
J    their  statement   that    the  embryo   is  positive  to  anv  other  part  of 
tie  egg   contents,    /.r.,    that    there    is    a  current    from    content    to 
mbryo.* 

Fig.  L 

y^l^ 

rh 

■ 
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shocks  at  intervals  of  5  or  6  minutes.  By  strong  tetanisation  the 
reaction  is  completely  abolished  ;  the  chick  has  been  "  electrocuted." 

In  a  third  series  of  ten  trials  upon  '*  fresh  eggs "  from  a  London 
shop,  and  at  a  very  unfavourable  time  of  year  as  regards  develop- 
ment, the  results  were  as  clear  as  could  be  desired.  At  the  end  of 
12  days  of  incubation  nine  of  these  eggs  returned  what  was  by  this 
time  familiar  to  me  as  a  negative  answer,  viz.,  small  counter-currents 
due  to  polarisation,  and  all  the  nine  showed  no  sign  of  development ; 
only  a  single  Qgg  gave  blaze-currents  of  ±0*0010  volt,  and  was  foimd 
to  have  developed  to  the  extent  usual  at  the  end  of  24  hours  under 
ordinarily  favourable  conditions. 

In  the  following  year  (1902)  I  returned  to  the  subject  and  made 
two  further  series  of  observations,  paying  particular  attention  to  the 
direction  of  blaze-currents  of  the  first  few  days  of  incubation.  In  the 
interval  between  these  observations  and  those  of  the  previous  year  I 
had  studied  the  currents  of  mucous  membranes,  with  the  general,  but 
by  no  means  invariable,  result  that  the  blaze-ciu*rents  are  of  ingoing 
direction.  I  therefore  expected  to  find,  and  did  find,  that  the  response 
of  an  early  blastoderm  to  either  direction  of  current  is  of  positive  or 
ascending  direction,  i.e.y  ingoing  as  regards  the  hypoblast,  and  out- 
going as  regards  the  epiblast. 

I  also  took  the  opportunity  of  testing  active  eggs  on  what  has  been 
described  in  previous  papers*  as  the  ABC  plan,  t.e.,  after  excitation 
through  A,  the  superior  pole,  and  B,  the  inferior  pole  of  the  egg,  the 
lead-off  to  the  galvanometer  through  A  C  was  found  to  be  effective 
(outgoing  current  at  A),  and  the  lead-off  through  B  C  ineffective.  The 
response  was  outgoing  or  positive  at  A  after  both  directions  of  excita- 
tion between  A  B. 

The  method  of  observation  is  further  illustrated  by  the  following 
table  and  plates.  Plates  1939-40  taken  on  the  6th  egg  (72  hours) 
are  given  in  detail  to  show  how  the  magnitude  of  response  varies  with 


1939-40.     Chick  Embryo.     72  hours. 

Arithmetic  Increase  of  Quantity  and  of  Energy  by  increasing  Capacity 
at  Constant  Voltage. 


Capacity. 

PreMure. 

Quantity.             Energy. 

Besponse. 

Imf. 
5    „ 

8  -4  Tolti. 
8-4      „ 
8-4      „ 
8-4      „ 
8-4      „ 

8  *4  mc. 
16-8    „ 
25-2    „ 
33-6    „ 
42-0    „ 

800  em. 

720  „ 
1080  „ 
1440  „ 
1800    „ 

OOOIOtoU. 
0  0018    „ 
0-0022    ,. 
0  0025    „ 
0-0027     „ 

Roy.  Soc.  Proc..'  vol.  68,  p.  488;  toL  09,  p.  181. 
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no  niHgnilude  of  ita  exciting  eiuiae.  The  response  uppearn  to  de[>eiL<i 
energy  rather  thnn  on  quantity  of  electrical  stimulus;  plate  1948 
Lken  on  the  8th  egg  (108  hours)  shows  this  point  even  mom  clearly, 
pe  same  chick  was  used  for  examination  of  the  Intiuenee  of 
jmperature. 


nthmetic  Increase  of  Quantitv  and  Geometric  Itierease  of  Energy  Uy 

iiicrecisiiig  Voltage  at  Constant  Capacity- 
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Chick,  108  hours. 
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Prcwurc. 


OL. 


Capacity. 


1  nif.  + 

2inf.  + 

»»      "~ 

3  mf.  + 

»»      ~* 

4  mf .  + 

5  mf.  + 


Quantity. 


8  '4  mo. 
16  8* 
25-2 
33-6' 
420 


2L. 

4"l. 

>» 
6L. 


5  mf.  + 


14-0 
28-0 
42-o' 


Energy. 

Response. 

360  ergs. 

+  0-0006 

, , 

-0-0016 

720 

+  0-0009 

, , 

-0-0025 

1080 

+  0-0011 

.. 

-0-0032 

1440 

+  0-0015 

-0-0040 

1800 

+  0  0019 

•• 

-00048 

200 

+  0-0000 

-0-0015 

8(X) 

+  0  0010 

, , 

-0  0036 

1800 

+  0  0019 

•• 

-0  0042 

VoU, 

-hooa 

-000 
—00/ 

-"Ooa 
—aw 

"004 
"O05 


■/ijijJU 


yt 


-*-P*T 


•MyMf 


^mF. 


July  25.     Chick,  108  hours. 

Influence  of  Temperature. 

Exc.  by  Condenser  discharge.     5*6  volts;  4  L  5  mf.  + 


Time. 

Temp. 

Blaze. 

Resistance. 

0 

28^ 

+  0017 

50,000  CM 

5 

28 

0016 

— 

10 

34 

0014 



15 

88-5 

0009 



20 

41-5 

0004 

35,000 

25 

44** 

0000 

— 

35 

37 

0000 

— 

45 

81 

0000 

85,000 

Summary, 

The  presence  of  a  blaze-current  is  a  certain  sign  that  development 
has  progressed  within  the  egg. 


90 


Dr.  A.  U  Waller,     On  tlir 
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In  the  early  stage*! — when  ijresumabiy  the  blastoderniic  raeinl*rana 
las  not  yet  lieeonie  folded  to  form  a  tuinilar  embryo — ^the  blaze- 
lurrents  aroused  by  both  dii^cctions  of  excitation  nve  positivB  or 
spending. 

At  a  more  advanced  stage  of  development  the  lila^e-eiurenta  are 

liiWy  homodronie  with  the  direction  of  excitation,  yiz,j  positive  or 
Bcending  after  a  positive  or  ascending  excitation,  and  negative  or 
lescending  after  a  negative  or  descending  excitation. 

In  some  cases,  but  with  such  infrequeney  as  to  deserve  to  be  cbarac- 
Ici'ised  m  exceptioiuil,  both  responses  have  been  observed  to  occur  in 

negative  or  descending  direction.  This  may  have  l>een  due  to 
Ittachment  of  the  embryo  to  the  shell, 

[I  have  made  a  few  observatioJis  on  frogs  spawn, and  although  these 

lave  not  yet  l)een  sufficient  to  euahle  me  to  specify  the  conditions  of 

tie  presence  oi*  absence  of  the  reaction,  I  think  that  the  fact  of  its 

Irescnce  is  worth  reporting,  as  well  aa  the  further  fact  that  in  some 

lases  of  undoubtedly  living  spawn  I  have  failed  to  detect  It.] 


mi. 
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Dr.  A,  D,  Waller,     Ofi  tkc 
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>ii  the  '  Blaze-curretita  *  of  the  CryeUilIintf  Lens,"     liy  A<  D. 
Waixku,  M.D.,  KK.S.,  uKsisted  by  A.  M,  Wallek     iC^-eived 
(Jctober  23,— I^ead  Decemlser  4.  1902. 
(Krom  the  P3ijftiobgi(ail  LAboratorj  of  %1\^  Umre-i^Ltj  of  LQadon,  8.W,) 

111  the  course  of  investigation  of  the  effects  of  light  and  of  eltK-trical 
J£ citation  on  the  frog's  eyeball,  I  came  to  the  conclusion  that  tissuea 
Iher  than  retinal  are  coeftective  in  the  response  to  strong  induction 
jiocltH,  and  proceeded  therefore  to  look  for  blaze-euiTent€  in  other 

fing  tissues.* 

I  *  *  Phil,  Ti*ji»V  B,  1001,  Tol.  194,  p,  1B5. 

I  Til 6  foUo-wing  extract  fraiu  my  note  book  of  l[*00  gire*  ineUin«««  in  wliicli  the 
laclioii  of  the  aut^riur  bulf  of  the  evcboU  na^  ub served  to  exretd  thftt  of  the 
peteHor  half. 

Proj^'fl  ejebal],  eHtire  and  bUeeted.  

I  Eiciiution  by  «mgle  breali  flhock  from  Bern?  mW* 
Strengtli  of 


excit^on. 

Whtjlf*  ejebill. 

Posterior  half. 

Aiitffrior  ha.lf. 

1000  + 

+  0^)013  volt. 

NU 

+  0-0030  Tolt. 

iooa« 

+asx)2tj    ,, 

n 

+  0*0033     „ 

isolhcr  ejeball — 
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times  found  to  give  a  larger  response  than  the  posterior  half,  and  the 
present  observations  proceed  from  an  attempt  to  determine  the  princi- 
pally effective  part  in  such  reaction.  And  I  may  state  at  once,  as  my 
chief  conclusion,  that  it  is  the  crystalline  lens. 

The  eyes  upon  which  the  determination  was  made,  in  the  first 
instiince,  were  those  of  fish — whiting  and  mackerel — by  reason  of  the 
fact  that  these  were  for  a  season  at  my  disposal  quite  fresh  from  the 
sea.  I  subsequently  made  similar  observations  on  the  eyes  of  octopus, 
on  sheep's  eyes  fresh  from  the  slaughter-house,  and  on  the  eyes  of 
recently  killed  cats  and  rabbits ;  also  on  the  eyes  of  an  owl. 

The  point  that  was  most  striking  in  these  first  observations  was  the 
great  endurance  of  the  reaction  in  the  crystalline  lens  as  compared 
with  its  rapid  disappearance  from  the  remaining  tissues  of  the  eyeball 
and  from  the  skin,  and  with  the  rapid  disappearance  of  the  direct 
electrical  excitability  of  muscle.  I  should,  as  an  outcome  of  these 
observations,  look  for  the  last  sign  of  life  of  a  fish  by  testing  the 
crystalline  lens,  whereas  in  the  case  of  man  I  should  test  a  piece  of 
skin.  The  reaction — as  far  as  I  have  yet  seen — has  been  completely 
absent  from  frozen  fish  (salmon)  as  received  from  London  fishmongers. 
Its  normal  direction  in  the  lens  is  "  negative,"  i.e.,  from  external  to 
internal  pole.     It  is  abolished  by  heat  (70**)  and  by  compression. 

My  first  experiments  with  the  eyes  of  fish  were  to  ascertain  on  the 
entire  eyeball  what  type  of  blaze  reactions — if  any — is  manifested 
The  results  were  as  follows  ; — 

Exp.  1.  IFhitin^j, — Excit.  and  lead-ofF  through  AB.  Berne 
coil.     Two  Leclanch^s  in  primary  circuit.      Single  break        M 
induction  shocks. 

1000+  gave  -0*0004  volt. 
1000-      „      -0-0007     „ 
5000+     „      ^0-0010     „ 
5000-      „      -0-0017     „ 

Reactions  after  immersion  in  hot  water. 

5000  +  gave  nil. 
5000-     „       „ 

Exp,  2.  JFhiting. — Excit.  through  AB  and  lead  off 
through  BC  or  AC.  (The  system  of  notation  is  ex- 
plained in  the  *  Roy.  Soc.  Proc.,*  vol.  69,  p.  183.) 


6000-    -^ 


6000  + 


.  -O'OO/O 
* -^0  0006 


6000^   * 
5000 -¥ 


^^^^ 
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Response  from  A  to  C ;  no  response  from  B  to  C, 

Lensahne,     Exc.  1000+    gives    -0*0025 
1000- 


[Oct.  23, 


Cm-n£a  aime.  Exc.  5000  +      „ 

V    uwv 

nil. 

5000-^       , 

-00005 

2Tui  km  atone.   Exc.  1000+       , 

-0-0020 

1000-       „ 

-00060 

completely  aboliflhed  after  immersion  in  hot  water. 

A  similar  experiment  gave  similar  results :  in  the  first  lens  the 
lesponse  was  completely  abolished  by  compression^  in  the  second  lens 
It  was  greatly  diminished  and  modified  by  tetanisation  ;  the  lesponse 
lo  -  +  excitation  Vieing  at  the  outset  -    - ,  then  -   + »  then  +  + . 

Excitation -t*. 

Response  I        ^ — —  -^ 

.,      n- 

..     m — 

Es^p.  3,  Mui^Jcerei--  Aliout  5  hours  after  death.     Lens  alone. 

Ist  lens?.     Exc.    1000+   gives      nil. 
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After  compression  no  further  response. 

There  was  no  appreciable  alteration  of  resistance  after  tetanisation. 

Esi'p,  5.  IVhiting. — 4  hours  post  mortem.    Isolated  lens. 


1000 -f  gives  -f  0-0002 
1000-      „      -0-0010 


500 -f  gives 

1000-f      „ 

2000 -f      „ 

5000+      „ 

10000 -f      „ 


nil 

+  00002 

+  0  0025 

+  00050 

i  +0-0055 


nil       > 
+  0-0002 
+  0-0020 
+  00040 
+  0-0050 


No  further  response  after  compression. 
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Strength  of  »tim. 


E.tp,  6.  Mackerel. 
Exc 


1000  + 

1000- 

10000  + 

10000- 


48  hours  post  /mriem. 
gives 


Isolated  lens. 


-0-0003  volt. 
-0-0004    „ 
-00010    „ 
-0-0015    „ 


The  response  is  abolished  by  plunging  lens  in  hot  water. 
Ejp.  7.  Odopiis. — 15  hours  after  removal  from  water. 
The  mlatej,  eye  gives  no  distinct  response  either  to  light  or  to  olectri- 
cal  excitation. 

Its  isolated  lens  gives  to 

1000+  a  response  of  +0-0040  volt, 

1000-  „  +0-0005    „ 

5000+  „  +0-0015    „ 

5000-  „  +0-0010    „ 


1108  Dr.  A.  I  >.  Waller.    Oivtht 

Litter  Httd  with  altered  position  of  lens  on  electrodes. 
1 000  +  H  response  of  -  trace. 


[Oct.  2A, 


1000- 

-0  0004  volt 

TjOOO  -H              n 

-00005    „ 

5000  -             ,, 

-0-0010    „ 

hlt'jK  8.    ihfifi^h, — 'Isolated  lens. 

1000+         gives 

-0  0012  volt. 

1000- 

-0*0020    „ 

The  response  is  iLbolished  liy  pressure. 

Kj-p.  9.  Cnd'm  Fuh  (white). — Some  hours  (t  1  or  5)  after  death. 

Tlie  eyeball  gives  no  response  to  light  or  to  electrioiil  exeitatiofL 


Its  lens,  to  5000  + 
5000 


gives 


'0-0020  volt 
-0*0050    „ 


Set  up  in  LonntL'tioii  with  three  electrodes  so  as  to  be  excited 
jhrough  AE,  and  led  off  throvigh  AC  or  BC  (as  for  the  entire  eyelmll)* 
Irhe  leim  responses  are  as  follows  : — 
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Exp.  12.   Codfish  (Ist). — Isolated  lens.      Fish  said  to   have   been 
brought  to  shore  on  the  previous  day, 

5000-         gives  -00040,     -0-0020 

5000+            „  -0-0010,     -00010 

Photo.  4242  is  now  taken — 

5000 -f            „  -0-0009 

5000-             „  -0-0022 


lOOO       i    QooQ    i 

+  - 


'"foooY' 


86  /W//73. 


Photo.  4242. — Codfish.  Lens.    Anti-  and  homodrome  responses. 


The  normal  current  was  -  0-0008. 
The  other  lens  gave  no  distinct  response. 
The  same  lens  next  day  gave 


to  5000  -h 


-0-0005 
-0-0015 


abolished  by  heat. 

Exp.  13.  Codfish  (2nd). — Lens.  1  or  (1)  2  days  after  capture  of  the 
fish,  tested  by  the  ABC  method  for  determination  of  the  seat  of  the 
response.     (Given  in  extenso.) 

Exp.  14.  Codfish  (3rd). — Lens.     1  second  day  after  capture. 


5000-h 

-0-0007 

5000- 

-00033 

^'GL.  LXXI, 

loo 
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10000  + 

-0-0013 

10000- 

-0  0048 

10000- 

-0^0052 

10000  + 

-0  0015 

5000- 

-00027 

5000  + 

*00008 

Mixlerate  compression  gives  -  deflection  off  scale  in  consequence  ^f 
liechaniciil  excitation.  Considerable  compression  aboliahos  all  re- 
L>onHe. 

Tho  other  leas  gave  no  response ;  the  eye  from  which  it  hatl  been 
[amoved  was  evidently  injured,  being  full  of  blood, 

ExjL  ID.    Codfish  (4th).^ — Supplied  as  fresh  j  ncithei-  lens  gave  any 


|>sponsi?. 
Exp.  \\y. 


Mm^bir!, — Lens.     Fish  reputed  fresh. 


5000  + 

5000- 
Moderate  compression 

5000  + 

50O0- 
Soverc  compreseiaa 


*0'0004: 

-O'OOll 


+  0  0002 

+  0*00015 
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5000  + 

-0-0010 

j»     " 

-0-0014 

„     + 

-0-0005 

»     " 

-0-0008 

Exp,  19.  Cat. — Lens.     l\  hour  pod  moiiem . 

1st  lens          5000  + 

-0-0003 

j>     ~ 

-0-0008 

Response  a1x)lished  by  compression. 

2nd  lens          5000  + 

-00002 

>»     ~* 

-0-0006 

r  Same  lens                + 
1  next  morning 

-   trace 

+   trace 

Exp,  20.  Mackerel — Lens.     Reputed  fresh. 

1000  + 

+  0-0002 

- 

-0-0001 

5000  + 

+  00003 

- 

-0-0004 

10000  + 

+  0-0004 

- 

-0-0006 

Responses  homodrome  throughout. 

Exp.  21.  bth  Coflfah,— Lena, 

1st  lens        5000  + 

-0-0002 

- 

+  0-0001,    -0-0002 

10000- 

-0-0006 

+ 

-0-0002,   +00003 

2nd  lens     10000  + 

-00001 

- 

+  0-0001 

Attempts  were  made  to  test  the  last  two  lenses  by  lateral  eye  rota- 
tion ;  the  results  were  uncertain  and  variable.  Similar  trials  in  other 
cases  were  equally  variable. 

E.nj).  22.  Cat, — Lens.     5  hours  post  nwrtem. 

1st  lens.     Initial  current  +0*0011 

1000  + and-  gave  nil,  nil. 


2nd  lens 


5000  + 
5000  + 
5000- 


-0-0004  and  nil. 

-0-0015 

-  >0 -0030  (off  scale). 


Exp,  23.  nrill.^Lena  (?  24  hours). 

Initial  current 

Exc.  by  single  break     1000  + 


-0-0036 
-0-0020 


^^ 


m 
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1000^ 

-0  0080 

100  + 

-0-0003 

100" 

-0*0015 

After  comprcBfiloTi 

1000+  aiid  - 

nil,  ml 

Electrodes  tested  by 

1000+    „     ^ 

})    )i 

Nof(*. — The  lena  of  this  fish  ia  rather  smaller  than  convenient, 
Ea'p,  24^  ^foff, — K.  tempo  rari^i. 

Entire  etfehalL     Initi 

Kxc.  by  Hiiigle  break     100  + 

St  J! 

Its  i&ulakd  hiu. 


Kul>sequently  Vjoth  responses  wore  observed  to  be  homodromei  via., 

to  +  exc,  and  -  to  —  exc* 

The  isolated  lens  of  the  other  eyelmll  gave  simikr  result®. 

The  lens  of  the  frog^a  eye  is  inconveniently  small,  nevertheless,  witli 

Ine   care,  typicril  effects   can    be  observed  upon   it,   viz.,  negative 

leaponsea*  to  both  directions  of  excitation ^  the  homodrome  exceeding 


irrent 

^   -0-0030 

100  + 

=  +oflr(>0'002) 

100- 

-   +off(>0-002) 

100+  and  - 

=       nil,  nil. 

1000  + 

=    -0-0005 

1000- 

=    ^O'OOIO 
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unequally  good ;  in  three  instances  one  of  the  lenses  gave  no  response, 
and  in  one  of  these  three  instances  the  eyeball  was  filled  with  blood. 
I  think  the  difference  between  the  two  eyes  must  have  been  due  to  the 
fish  having  been  killed  by  stunning,  or  it  may  be  that  in  transit  tK> 
London  one  of  the  eyes  liad  suffered  compression.  But  whatever  the 
real  cause  of  the  difference  may  have  been,  the  lenses  of  fish  obtained 
in  London  were  far  less  satisfactory  than  those  of  fish  directly  taken 
from  the  sea.  In  the  latter  case,  both  lenses,  if  carefully  removed,  were 
equally  effective  (provided  the  fish  had  not  been  stunned  in  the  usual 
way  on  removal  from  the  hook). 

Similar  effects  are  obtainable  on  the  crystalline  lens  of  the  mamma- 
lian eye ;  but  it  is  essential  to  avoid  any  undue  compression  of  the 
globe.  Thus  I  completely  failed  to  observe  any  effect  on  the  lens  of 
eyes  removed  from  the  orbit  of  dogs  and  cats  in  the  usual  manner, 
also  on  the  lens  of  sheep's  eyeballs  brought  fresh  from  the  slaughter- 
house. 

But  with  lenses  carefully  removed  from  the  eyes  of  a  fresh  sheep's 
head  and  of  a  recently  killed  cat,  t3rpical  and  regular  responses  were 
obtained,  which  were  abolished  by  intentional  compression  as  well  as 
by  immersion  in  hot  water  (60**  to  70°). 

I  think  it  desirable  to  give  in  exienso  one  experiment  (No.  13)  to 
illustrate  the  precise  nature  of  experimental  evidence  and  the  system 
on  which  it  is  taken  down.  It  is  very  easy  to  make  sure  of  the 
direction  of  a  current  used  for  excitation  in  relation  to  a  total  or 
bipolar  response,  but  it  is  not  easy  without  a  strictly  systematic  plan 
to  make  sure  of  this  relation  when  a  partial  or  unipolar  response  is 
under  investigation.  It  is  advisable  for  the  latter  purpose  to  carefully 
verify  the  connections  of  the  ABC  key*  so  that  directions  of  deflection 
may  immediately  signify  directions  of  current  between  the  points  of 
investigation,  and  be  noted  accordingly  in  a  legible  form  that  can  be 
readily  reviewed. 


Exc.  5000  +  through  BA 
Kesponse  from  AC 


Exc.  5000  -  through  BA 
Response  from  AC 

Exc.  5000  +  through  BA 
Response  from  BC 

Exc.  5000  +  through  BA 
Response  from  BC 


floaC. 
B 

EquaC, 
Q 

AnC. 
A 

___  -.(5(52     AnCi 

' 

posC'kAChodic, 

^^  -  'O04    Homo 

p03t' Anodic. 

nib 

nil. 


Described  in  *  Roy.  Soc.  Proc./  rol.  69.  p.  181. 
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I  give  the  normal  eun^enta,  not  that  they  are  essential,  l>ut  l^ecause 
Im  expert  reader  might  >™h  to  know  them. 

Normal,  Le.^  accidentftl  current  £A.  r  +  'OO6B 

All  response  was  from  the  anterior  pole  j  none  from  the  posterior. 
L*hc  aeries  was  repeated  with  similar  results,  and  now  the  zincs  of  the 
blectrodes  were  transposed  so  that  the  connections  were — 


AnC. 
£ 


C 


A 


n^L 

ml 

4^'OOS 


^^004 


Y'-i  as  before  response  only  from  anterior  and  not  from  pos tenor  pole. 
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The  lens  is  submitted  to  compression,  after  which  there  is  no 
response  of  any  kind,  either  total  or  partial ;  it  is  placed  for  a  few 
minutes  in  hot  water  until  coagulated  white,  and  again  tested  without 
any  response.  The  temperature  at  which  the  first  obvious  sign  of 
coagulation  was  observed  was  SS*".  The  lens  was  completely  white 
at  48"*.    Beyond  50°  no  further  increased  whiteness  could  be  seen. 

I  conclude  from  this  and  similar  experiments — 

1.  That  a  crystalline  lens  of  suitable  size  is  a  good  object  upon 

which  to  study  the  nature  of  blaze-currents. 

2.  That  a  "  blaze-current "  is  a  physical  sign  of  the  '*  living  "  state. 

3.  That  a  blaze-current  may  be  post-kathodic  as  well  as  post-anodic, 

antidrome  as  well  as  homodrome. 

4.  That  the  direction  of  blaze-currents  in  the  lens  is  negative  or 

ingoing,  i.e.y  from  external  or  anterior  to  internal  or  posterior 
pole. 

ADD£I)  DfX'EMBEU  4,   Al-TER  THE  ReCEIIT  OF  Dr.   DuRIG'S   PaPER. 

(See  p.  212.) 

Exp.  25.  Nov.  1 .  OwL — Positive,  responses  of  the  anterior  half  of 
the  eyeball ;  negative  responses  of  the  lens  alone ;  positive  responses 
of  the  cornea  alone. 

1st  eyeball.     Anterior  hnlf,     7  minutes  2)mt  nutrtcin. 
Initial  current  =    -  0  •  0008  to  -  0  •  001 8  volt. 

Exc.  by  single  break     1 000  +  +  0  •  0005 

+  0-0005 


5000  + 

.    +0-0020 

'»                 u                      ~ 

+  0-0015 

t)                 »» 

+  0-0015 

yy                        »j                       ,1 

+  0-0015 

Lm  alviie. 

10000  + 

-0-0005 

- 

-0-0020 

Cunifii  alone. 

Single  break     10000  + 

nU. 

10000- 

nil. 

Several             10000  + 

+  0-0012, 

+  0-0010 

10000- 

+  0-0020, 

+  0-0020 

Tetjuiisation     10000  + 

+  0-0015 

10000- 

+  0-0025 

(Joriiea  plunged  in  hot  water. 

Tetanisation     10000  - 

nil. 

10000  + 

+  0-0005 
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2iid  eyebulL     Ankrior  hilf.    2  hours  10  mirmtes  fmi  mmiem. 

Initial  current  —    +  0  ■  0005  to  nil 

Exc%  by  single  breat     5000  +  +  0 * 00 10  volt. 

91  If  ~ 


+  0  0015 


y  single  break     5000  + 
",             1000  + 

?3                                                  ^ 

-  >0-0030  (off  scale) 
->00030 

-  0-0004 

-  0-0010 

drmm  a!t/tie. 

Single  l>re-uk      5000  + 

Z               10000  + 

Several             10000  + 

nil. 

+  0-0007 

nil. 

+o-oooa 

nil. 
+  00010 

Lem  rtplac^^L 

- 

Single  Ijreak       1000  + 

*7                                                            ^ 

*  0*0007 
-0^0012 
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700  + 
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-0  0013  antidrome  blaze 

>  -  0  •  0028  homodrome 

600  +  -  0  •  0008  antidrome 

^^    _      > -00028  homodrome 

„   +  -0-0006  antidrome 

„   -  -0  0020  homodrome 

+  -  0  •  0004  antidrome 

-  0  •  00 1 8  homodrome 
+          -00003  antidrome 

-  0  •  00 1 1  homodrome 

i  hour  interval. 

600  -  -  0  •  0031  homodrome 

3rd  day.    2nd  lens  (Nov.  10) 

600  -      >  -  0  •  0038  homodrome 

500  +  -  0  •  001 1  antidrome 


400  + 
?>    "" 
4th  day.    2nd  lens  (Nov.  11) 

400  + 

500  + 

400  + 

5th  day.    2nd  lens  (Nov.  12) 

500  + 

1000  + 

5000  + 

>>     "■ 
Tetanise      10000  + 

>>     " 
6th  day.    2nd  lens  (Nov.  13) 

Tetanise,  12  p.m.     10000  + 

>»     "" 
7th  day.      „  2  P.M.      10000  + 

Sing,  shock     10000  + 


-  0  •  0038     homodrome 
-0-0003    antidrome 

-  0  •  00 1 6     homodrome 

-0-0008  antidrome 

-  0  -  0006  homodrome 
-0-0005  antidrome 

-  0  -  0005  homodrome 
-0-0001  antidrome 
-0  0002  homodrome 

nil. 
nil. 
nil. 
nil. 

+  2-OoS2}P^^"^^'"'^^" 

+  0-0010 

-0-0010 


I  blaze  1 


-0-00051^ 
-0-0006  J 


blaze  ? 


""n'nJJD  polarisation 
-0-0008/*^ 


This  is  the  longest  penod  during  which  I  have  followed  the  response 
of  an  isolated  lens. 
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Imhibitable  response,  negative  to  positive  (antidrome)  and  negative 
lo  negative  (bomodt^me),  to  single  shocks,  was  observe^!  on  the  4th 
pty,  aljsent  on  the  5th  day. 

Kosponse,  negative  to  negative,  with  strong  tettmisation  in  both 
liirs  of  direetions,  was  still  present  on  the  5th  and  6th  days.  But  on 
Iho  seventh  day  the  only  \dsihle  effects  were  of  polarisation  direction, 
],^,,  the  lens  was  judged  to  l>e  dead. 

Efjh  27.  (November  10,  with  Sir  J,  Bur don-Banderson.)— Lena  of 
fab  bit  eye,  removed  4  hours  ^m/  mmitm.     Normal  current  O'OISO  valt 

sitive  declining. 

14  km. 
Excitation  by  single  shock. 

Coil  at     1000+     =    -O'OOOe 

-     ^   -  Q '  00 1 0  followed     by 
positive  after- 
eftect. 
Excitation  with  the  ABC  metbo<l« 
l:ly  single  induction  shocks, 

(1st  day). 

B         C        A 
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Exc >- 
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Exc.  -^ 


S.8.  5000  Exc.  — 
Besp.  — 

Exc. 
Besp.  — 


Next  (lay.     1st  lens. 
(2n(l  day.) 

S.8.   6000  Exc. 
Sesp. 

Exc. 


Kesp.  ^ 

Exc 
Besp.  '*r- 

Exc.  -^ 

Besp.  -^r- 


Same  lens  compressed. 

S.S.  5000  Exc.  — 
Besp. 

Exc.  — 
Besp. 

Same  lens  coagulated  by 
heat(53*C.— 62°C.) 

Exc.  — 
Besp.  — 
Exc. 
Besp. 

Tetan.  Exc.  — 
Besp. 
Exc. 
Besp. 

2tul  lens. 

S.s.  5000  Exc.  — 
Besp.  -r- 


-^  + 


Exc.  ^ 
Beap.  -^ 


-^  + 


-^  + 


=  .-00008 
=   -00013 

=  -00004 
=   -00008 

=  -00021 
=  -00006 
=  -00016 
-  -00005 

00003 


trace. 


—  nil. 


nil. 


nil. 
nil. 


-^  + 


=    -0-0008 
00007 
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Tetan.  Exc, 
Reap, 

Tetaii,  Exc. 
Kesp. 


-^  + 


-0-0030 


-     -0-0018 


Tlie  lenses  wei'e  now  heatrcoagiilated  in  normal  saltne ; 
ppeared  at  52''  to  55" ;  coagulation  became  complete  at 
to  trace  of  blaze-current  coulcl  be  obtained  from  either 

pases  after  tbo  heat  coagulation. 

Ej^jl  28.  Lens  of  Rahbifs  Eijt. — 2i  hours  po^  jnorkm, 

2nd  day. 

Normal  current  -  0  *  0036. 


opalescence 
62'  to  T2\ 
of  the  two 


1st  lens.                          EMtation. 

Resfjf>me. 

(2nd  day).     S.B.  coU  at     1000  - 

= 

-0-0021 

+ 

- 

^0-0003 

{3rd  day.)                         10000- 

= 

-0*0003 

+ 

= 

a  trace  - 

5000 

2nd  lens.     (2nd  day.) 

Normal  current    S.s,     1000  - 

= 

-0-0031 
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+ »- 

=      +0-0004 
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=      +0-0011 


5000        + 
5000 


Tet.  5000 


I 


m-  -^ 


nil. 
nil. 


lb  + ^ 


-} 


+  0-0004 
-00011 


Tet.  5000 1 ^^ 


-0-0011 


The  first  pair  of  ex- 
citations is  effective. 
B  is  in  each  case  the 
seat  of  an  ingoing 
response. 


The  second  pair  of 
excitations  is  ineffec- 
tive. A  has  presum- 
ably been  exhausted 
by  previous  excitation. 

Besponse  of  A  is, 
however,  elicited  by 
tetanisation  in  both 
pairs  of  directions. 


Exj),  30.  liabbit's  Ej/es  in  situ, — A  similar  series  of  trials  gave  in  each 
case  a  small  outgoing  effect  at  each  eye,  presumably  due  to  corneal 
response. 

In  the  discussion,  attention  was  drawn  to  the  details  of  certain  experiments — 
viz.,  Exps.  3,  7,  and  20 — as  being  in  disagreement  with  the  general  rule  that  the 
lens  response  is  negative.  Exps.  No.  3  and  7  were  made  before  I  had  learned  the 
importance  of  attending  to  the  orientation  of  the  lens.  Bzp.  20  (and  Exp.  5)  are 
instances  of  what,  in  my  experience,  have  presented  themselves  as  transitional 
types  intermediate  between  the  typical  physiological  response  and  the  ordinary 
polarisation  effects  of  exhausted  or  dead  organs.  I  have  thought  it  possible  that 
certain  irregularities  of  response  occasionally  met  with  might  have  been  due  to 
unavoidable  injury  of  the  Retractor  Lentis  (Campanula  Halleri),  described  and 
figured  by  Beer.* 

After  Exp.  No.  7, 1  was  always  careful  to  mark  the  external  or  corneal  pole  of 
the  lens  in  situ  by  a  speck  of  moist  china  clay,  with  which  the  clay  end  of 
electrode  A  was  subsequently  brought  into  contact ;  the  opposite  pole  rested  on 
electrode  B. 

I  may  take  this  opportunity  of  stating  that  the  eyes  of  crabs  and  of  lobsters 
gave  ingoing  blaze-currents  (from  A  to  B)  to  both  directions  of  excitation. 


*  *  Pfliiger's  Arohiv,'  vol.  58,  p.  574. 
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I A  Contribution  tu  the  Question  of  Jilaxc  Currents.'*  Bj  Dr 
Arnold  Durig,  of  Yienna.  Communicated  by  Augustus  I>, 
Wallek,  M.D.,  F,E.S,  Received  November  20,— Bead 
December  4, 1902. 

(Fiiom  the  Oiford  Pbj  Biological  Labofatorj,) 

(TrAiislated  from  the  German  by  Miss  F.  Buchanan^  D*Sc*) 

The  Humorous  experiments  of  Waller  on  this  subject  have  rai;9ed 
lie  i^uestion  us  to  whether  the  phenomena  of  the  so-called  "blaze 
in  cuts'*  are  to  l>e  regarded  as  a  proof  of  the  persistence  of  life*  It 
the  piu^)se  of  the  present  communi edition  to  give  the  results  of  a 
experiments  which  bear  upon  the  subject.  These  relate  princi- 
ally  to  the  response  of  the  eyeball,  but  also  to  that  of  a  few  other 
k'gans  of  the  frog,  to  single  induction  ehocks.  Ae  they  are  not  yet^ 
bfinitively  concluded,  I  propose  here  to  give  only  a  short  description 
them,  and  not  to  refer  to  their  theoretical  significance  l>eyond 
ointing  out  that  the  results  obtained  must  be  talc  en  into  account 
bfore  deciding  whether  or  not  the  currents  in  question  furnish  an 
imnstakable  sign  of  vitality  in  tissues. 

;  regards  method,  the  great  importance  of  determining  the  exact 
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it  had  broken,  or  made,  the  primary  circuit.  The  distance  between 
this  contact  and  one  in  the  primary  circuit  was  of  course  so  chosen 
that  the  induction  current  itself  should  produce  no  effect  in  th& 
measuring  instrument.  As  the  sudden  letting  in  of  a  resting 
ciurent  would  have  caused  great  disturbances  in  the  measuring  instru- 
ment when  the  short-circuit  was  broken,  it  was  necessary  to  com- 
pensate this  very  carefully  beforehand.  By  means  of  the  key  K..>  the 
compensation  could  be  tested  immediately  before  letting  go  the 
myograph.  The  myograph-stand  itself  was  placed  in  an  adjoining 
room  in  order  that  the  movement  of  its  steel  rod  might  not  affect  the 
galvanometer.     It  could  however  be  set  in  motion  from  the  table  oa 


which  the  rest  of  the  apparatus  was  placed.  The  secondary  coil  couUf 
be  short-circuited  by  the  key  K3;  the  measuring  instrument  by  the 
key  K4,  the  keys  K5  and  Kg  allowing  of  the  introduction  of  either  galva- 
nometer or  capillary  electrometer  to  serve  as  such,  in  order  that  the 
results  obtained  with  the  one  instrument  might  be  quickly  checked  by 
the  other.  Although  the  arrangement  was  well  adapted  for  concordant 
observ^ations,  it  was  defective,  not  only  in  the  absence  of  the  apparatus 
for  recording  the  movements  of  the  electrometer,  but  also  in  another 
more  important  respect.  The  necessity  of  distinguishing  what  is  due 
to  polarisation  in  the  study  of  "  blaze  currents "  has  already  been 
pointed  out.  With  this  in  view  observations  ought  to  be  made  in 
such  a  way  as  to  eliminate  the  effects  of  polarisation  as  much  as 
possible,  as  would  be  accomplished  by  using,  to  produce  a  single  cxci- 
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lation,  two  almost  iiiat-aiitaneoiis  induction  shocks,  as  nearly  as 
jos^^iblc  equal  in  strength,  but  opposite  in  direction,  according  to  the 
lethotl  firet  introduced  by  BerMstein  and  by  Hermann  in  rheotome 
Ixperimonts.  The  use  of  an  instantaneous  make  and  break  contact 
lor  the  myograph  and  the  inti-oduction  of  a  coil,  suitably  wotmd  so  aa 
lo  avoid  induction,  or  of  an  incandescent  lamp,  into  the  primm*y 
lircuit,  would  have  been  a  simple  means  of  attaining  this  end. 

To  fully  acquaint  the  reader  with  what  is  new  in  the  following 
lesultfl,  and  ^vith  what  is  merely  confirmatory  of  the  observations  of 
Ithers,  thiit  is  to  say  of  those  of  Waller,  would  make  the  preseTit  com- 
luunication  too  lengthy.  1  will,  therefore,  take  it  for  granted  that 
IValler's  researches,  which  form  the  starting-point  of  the  subject,  are 
tnown. 

For  the  experiments  on  the  eye  the  organ  was  kept  either  in  day- 
light or  in  the  dark.     The  whole  eyeball,  or  the  special  part  of  it  that 

as  being  investigated,  lay  in  a  slight  depression  of  a  kaolin  (un polarise 
Ible)  electrode,  and  was  connected  by  a  thread  of  wick  moistened  in 
Ihysio logical  salt  solution  to  the  second  electrode.  The  experiments 
Is^ere  always  made  on  the  freshly- removed  eye,  and  so  relate  to  Waller*s 
lirst  stage  only.  A  few  observations  were  made  on  curarised  frogs, 
Ihe  optic  nerve  being  exposed  by  the  removal  of  ptirt  of  the  skull,  and 
d  round  by  a  piece  of  wick  t-o  lead  it  off  to  the  galvanometer. 
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It  is  possible  to  so  place  the  electrode  that  there  shall  be  no  resting 
current,  and  this  is  especially  the  case  in  the  curarised  animal  in  which 
the  eye-circulation  is  maintained  (Hermann,  Holmgren).  When  the 
experiment  lasted  some  time  the  current  of  rest  became  reversed, 
even  when  the  middle  of  the  cornea  was  led  off  from.  The  response 
to  light  is  always  in  the  positive  direction,  i,e.y  in  the  same  direction 
as  the  current  of  rest.  This  positive  variation  is  preceded  by  a^ 
negative  initial  jerk  (Vorschlag).  When  the  light  is  extinguished  a^ 
further  positive  change  occurs  which  subsequently  diminishes,  at  first 
quickly  and  then  more  slowly.  Within  certain  limits  the  extent  of  the 
excursion  increases  with  the  duration  and  strength  of  the  illumination. 
No  negative  initial  jerk  could  be  observed  in  the  eye  of  the  living  frog 
in  response  to  light ;  the  increase  which  occurred  when  the  illumination 
ceased  was,  however,  greater  and  lasted  for  a  longer  time  than  in  the 
excised  eyeball.  The  return  of  the  needle  took  place  no  more  quickly 
than  in  the  excised  eye,  notwithstanding  the  maintenance  of  the  circu- 
lation and  the  consequent  greater  activity  of  assimilation  processes. 

Excitation  of  the  eye  in  the  dark  by  light  after  previous  excitation 
by  electric  currents  usually  resulted  in  an  augmentation  of  the  excur- 
sion, the  excursions  actually  observed  being  greater  than  the  sum  of 
the  after-effect  produced  in  response  to  the  induction  current  and  the 
excursion  which  is  the  normal  response  to  illumination  alone.  A  still 
more  striking  augmentation  of  the  effect  occurred  after  previous  faradi- 
sation (Waller).  The  fact  that  the  augmentation  occasionally  eluded 
observation  may  be  due  to  the  circumstance  that  the  sensitiveness  of 
the  galvanometer  had  often  to  be  reduced  by  a  tenth  on  account  of  the 
largeness  of  the  excursion  due  to  the  combined  effect  of  "blaze- 
currents  "  and  light  ciu-rents. 

Electrical  effects  in  response  to  light  are  given  not  only  by  the 
jpars  optica  retina*^  but  can  be  obtained  also  from  the  anterior  part  of 
the  eyeball  alone,  the  excursions,  which  could  only  be  observed  by 
galvanometer,  being,  however,  very  small.  The  possibility  that  the 
heat  of  the  small  incandescent  lamp  which  was  used  for  giving  the 
light-stimulus  may  have  been  responsible  for  the  effect  mast  be  borne 
in  mind,  and  alterations  which  may  have  been  produced  in  the  muscles 
of  the  iris  must  also  be  taken  into  account.  I  am  at  present  engaged 
in  making  the  further  experiments  that  are  required  with  regard  to 
this  matter. 

The  results  obtained  with  the  eyeball  in  response  to  excitation  by 
eledrical  currents  are  not  in  any  way  affected  by  the  absence  or 
presence  of  light.  The  currents  which  occur  in  the  uninjured  eye  in 
response  to  such  stimulation  are,  therefore,  independent  of  the  effects 
produced  by  light,  and  are  to  be  sharply  distinguished  from  them. 
(Waller.)      This  is  confirmed  by  the  following  new  observation: — 

VOL.  LXXI.  70L 
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l¥ben  the  one  lea  ding-off  electrode  is  moved  away  from  the  cornea 
lowards  the  equator  of  the  eveballj  not  only  is  the  difference  ol 
LoLcntial  between  the  two  poles  diminished,  but  also  the  effect  pro- 
llucod  l\v  an  induction  shock,  which  waa  before  considerable,  has 
Low  almost  vanished.  Instead  of  an  excursion  extending  over 
poo  divisions  it  now  extends  over  only  20  or  3D,  and  its  direction 
|ccasionally  varies  w^ith  that  of  the  indue tion  current.  When  the 
llectrode  is  replaced  on  the  cornea  the  original  large  deviation  is  again 
lirodiiced  in  response  to  stimuljition. 

When  the  breaking  of  the  second  contact  by  the  myograph  lets  the 
Ire  pa  rati  on  into  the  capillary  electrometer,  two  different  main  types  of 
response  may  be  distinguished  Ijy  the  form  of  the  observed  effect. 
The  curve  is  either  distinctly  diphasic,  the  first  phase  being  nega- 
live,  iJ'^^  in  the  opposite  direction  to  the  resting  current,  and  the 
lecond,  w*hich  is  always  considerably  stronger,  being  positive  and 
lasting  for  a  much  longer  time ;  or  a  purely  mono  phasic  vari- 
Ittion  is  obtjiined  which  i.^  always  positive.  The  negative  part  of 
Ihe  diphasic  variation  was  so  soon  over  that  when,  by  meiins  of  a 
[urn-over  key,  the  preparation  was  connected  with  the  galvanometer 
hand  instead  of  by  the  myograph,  the  most  that  coidd  be  ol>9erved 
the   last   trace   of    the   first    phase  was,  on   account  of  the  rela- 


L'.at    Hiertia   of 


ZiLlvanome 


excursion   oi 
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and  the  posterior  part  of  the  eyeball  are  led  off  from,  is  sufficient  to 
suggest  that  the  real  seat  of  origin  of  the  "  blaze  currents  "  is  to  be 
sought  for  in  the  anterior  part  of  the  eye.  Waller,  who  at  first* 
regarded  the  "  blaze  currents  "  as  having  their  origin  in  the  retina, 
has  in  a  subsequentf  publication,  stated  that  tissues,  other  than 
retinal,  take  part  in  their  production. 


•    Observations  on  Separate  Parts  of  the  Eyeball, 

If  the  posterior  part  of  the  eye  alone  is  placed  on  the  electrodes  and 
stimulated,  the  response  is  the  same  as  in  the  whole  eye  when  the 
equator  is  led  off  from,  i.e.,  only  a  very  slight  variation  occurs.  If 
the  anterior  part  of  tlie  eye  is  investigated  by  itself,  the  effects  produced 
are  the  same  as  when  cornea  and  optic  nerve  are  led  off  from.  It 
was,  therefore,  obvious  that  cornea,  lens,  and  ciliary  body  must 
next  be  investigated  separately.  One  would  especially  expect  to  get 
electromotive  effects  with  the  ciliary  ring  on  account  of  the  attached 
iris  and  its  muscles.  Experiment  showed  that  break  and  make 
induction  shocks  in  either  direction  always  gave  deviations  and 
excursions  in  a  definite  direction  which  cannot,  however,  be  said  to  be 
positive  in  relation  to  the  resting  current  on  account  of  the  incon- 
stancy of  the  latter,  which  is  due,  no  doubt,  to  the  irregular  con- 
struction of  the  organ.  The  preparation  is,  moreover,  very  perishable, 
and  very  soon  gives  no  effect  at  all,  or  only  (polarisation  1)  effects,  the 
direction  of  which  varies  with  that  of  the  exciting  current. 

The  lens  is  much  more  easy  to  work  with.  From  it  one  obtains, 
according  to  the  position  of  the  electrodes,  well-marked  though  weak 
resting  currents  in  a  constant  and  definite  direction.  In  response  to 
excitation,  effects  in  one  direction  (the  positive)  occur  whatever  the 
direction  of  the  exciting  current.  They  are  frequently  preceded  by 
negative  initial  jerks  when  the  exciting  current  is  in  the  same  direc- 
tion, just  as  is  the  case  in  the  whole  eye.  Although  the  ^'blaze 
currents  "  are  in  this  case  much  stronger  than  they  are  in  the  ciliary 
body,  those  of  the  two  together  are  not  nearly  sufficient  to  account 
for  the  currents  in  the  whole  eyeball.  The  only  remaining  part  of 
the  eye  in  which  to  seek  for  the  principal  seat  of  origin  of  those  large 
differences  of  potential,  which  occur  in  the  response  of  the  whole  eye, 
was  now  per  exdusionem  the  cornea,  and,  according  to  expectation,  this 
was  found  by  experiment  to  give  strong  electromotive  effects.  The 
preparation  was  made  by  cutting  into  the  eyeball  at  the  edge  of  the 
cornea  with  scissors,  and  then  cutting  right  round  the  limbus.     The 

*  Waller,  "On  the  Retinal  Currents  of  the  Frog* ■  Bje,  excited  bj  Light  and 
-excited  Electrically,"  *  PhU.  Trans.,'  B,  vol.  193,  p.  123. 

t  "  On  the  '  Blaze  Currents '  of  the  Prog's  Eyeball,"  *  Phil.  Trans.,*  B,  vol.  194, 
f>.  183. 
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i  nner  surface  of  the  removed  cornea  waa  placed  on  a  little  projection 
Df  the  IvHoliii  of  the  one  eleetroflc,  the  outer  surface  was  connected  by 
thick  piece  of  wick  with  the  other.  In  response  to  every  stimulation , 
large  "blaze  currents"  occurred,  which  in  all  respects  resemhled 
those  of  the  whole  eyeball,  even  in  their  intensity,  so  that  one  would 
hot  have  known  that  the  experiment  waa  not  being  made  with  the 
Ivhole  eye  nnlei^H  one  had  seen  the  preparation.  The  resting  current 
Ivas  from  the  inner  to  the  outer  surface;  each  indtiction  shock,  in 
kvhichever  direction^  produced  an  effect  in  the  same  direction  as  the 
Vesting  current.  When  the  excitation  w^is  also  in  the  same  direction 
ks  the  resting  eurrcnt,  this  (outgoing,  TransL)  response  was  pre- 
ceded  by  a  welbmarked  irutial  ctTect  in  the  opposite  direction. 

According  to  these  ohservations,  the  principal  place  in  which  the 
blaze  cun  ents  "  of  the  eyeball  originate  appears  to  he  the  cornea, 
kvhile  the  ciliary  ring  and  lens  contnbute  thereto.  The  retina  plays 
Ijuite  a  sulisi diary  part  in  their  production.  The  residts  of  thee© 
ixperimerits  on  the  corneal  give  support  to  the  analogies  between 
hkin  and  cornea  in  their  !»ehaviour  to  excitation,  to  which  Waller,  by 
comparing  the  eyLsball  and  skin  currents,  has  already  drawn  attention^ 
lilthough  it  must  not  be  forgotten  that,  owing  to  the  difficulty  in  pre- 
ig  it,  the  cornea  is  a  much  damaged  tissue. 
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their  absence  as  a  sign  of  its  cessation.  For  the  solution  of  this 
question,  a  few  experiments  were  undertaken  with  other  organs  of  the 
frog,  namely,  liver,  kidney,  and  ovary  of  freshly-killed  animals.  With 
such  specifically-surviving  organs  as  liver  and  kidney  one  would  have 
especially  expected  to  find  the  currents  which  are  supposed  to  be  a 
sign  of  life. 

Experiments  on  Liver,  Ovary  and  Kidney. 

Only  one  out  of  all  the  experiments  made  gave  a  result  which  could 
in  any  way  be  compared  with  that  obtained  from  the  eye.  The  other 
preparations  all  gave  electromotive  effects  which  were  often  very  con- 
siderable, but  which  cannot  be  otherwise  regarded  than  as  polarisation 
effects,  since  they  varied  with  the  direction  of  the  exciting  current  and 
were  always  opposed  to  it.  The  one  experiment  which  formed  the 
exception  can  hardly  be  said  to  agree  with  the  observations  on  the  eye, 
since,  although  the  exclusions  were  certainly  always  in  one  direction, 
they  varied  enormously  in  extent,  according  to  the  direction  of  the 
exciting  current,  the  proportion  being  sometimes  as  much  as  8  to  1. 
Faradisation  of  the  organs  produced  no  result  at  all  when  the  coil  was 
so  arranged  that  the  make  and  break  shocks  were  of  equal  intensity. 

It  seems  to  me  no  longer  possible,  after  these  observations,  to  regard 
the  appearance  of  "  blaze  currents  "  as  a  specific  property  of  living 
tissue.  It  is  much  more  probable  that  they  are  to  be  considered  as 
special  manifestations  of  certain  epithelial  tissues. 

Neither  can  the  presence  of  exclusively  polarisation  effects  be  taken 
as  the  sign  of  the  death  of  a  tissue,  since  these  may  occur  alone  in  a 
very  pronounced  manner  in  living  organs,  and  in  a  few  organs  may 
even  represent  the  regular  and  typical  effect  to  stimulation. 

In  conclusion,  it  is  my  pleasant  duty  to  thank  Professor  Gotch,  in 
whose  laboratory  these  experiments  have  been  carried  out,  for  the 
facilities  afforded  me. 
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'  The  Specific  Heata  of  Metnle  and  the  Eolation  of  Specific  Heat 
to  Atomic  Weight.  Part  IL"  By  W.  A.  Tjlden,  D.Sc, 
FJIS,,  rrofessor  of  Chemistrj  in  the  Royal  CoUego  of 
Science!  London.  Eeceived  December  S, — Read  December  11, 
1902,  ^ 

(Abstract) 

The  following  values  have  been  obtained  for  the  mean  specific  heat9 
jf  pnrc  alunijniumf  nickel,  cohalt^  Bilverp  and  platinum,  within  the 
levural  limits  of  temperature  indicated: — 
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Bange  of  temperature.  NiS.  AgfS. 

-182'*  to  +15'  0-0972  0-0568 

W  „     100'  0-1248  00737 

15'  „     324"  0-1333  0  0903 

The  mean  value  for  the  specific  heat  of  silver  sulphide  is  less  than 
that  for  nickel  sulphide  throughout,  but  little  can  be  deduced  from 
the  results  till  the  influence  of  temperature  on  the  specific  heat  of 
sulphur  is  known. 


"  Preliminary  Note  on  the  Eelationships  between  Sun-spots  and 
Terrestrial  Magnetism."  By  C.  Chrke,  Sc.D.,  LL.D.,  F.RS. 
Received  December  18,  1902,— Eead  January  22,  1903. 

(From  the  National  Physical  Laboratory.) 

I  have  been  engaged  during  the  last  two  years  on  an  analysis  of  the 
magnetic  results  obtained  at  Kew  Observatory  (now  the  National 
Physical  Laboratory),  during  an  11 -year  period,  1890  to  1900.  The 
work  has  been  much  interrupted,  and  is  still  incomplete.  Amongst 
the  points  dealt  with  is  the  inter-relationship  between  sun-spot 
frequency  and  magnetic  phenomena,  and,  as  this  has  recently  been 
engaging  attention  elsewhere,  I  have  decided  to  put  certain  of  my 
results  on  record  at  once.  It  has  long  been  known  from  the  researches 
of  Balfour  Stewart,  Ellis,  and  others,  that  there  is  a  close  connection 
between  the  times  of  occm-rence  of  greatest  sun-spot  frequency  and 
largest  amplitude  of  the  diurnal  inequality  of  magnetic  declination 
and  horizontal  force.  I  have  investigated  whether  the  numerical 
relationship  between  the  phenomena  can  be  adequately  represented 
mathematically  in  a  simple  way. 

A  convenient  basis  for  the  investigation  was  presented  by  the  publi- 
cation by  Professor  Cleveland  Abbe  in  the  *  U.S.  Monthly  Weather 
Keview,'  for  November,  1901,  of  a  table  of  sun-spot  frequencies  as 
calculated  by  Wolf  and  Wolfer  for  a  very  long  series  of  years.  After 
I  had  carried  out  all  the  calculations,  Wolfer  himself  published  a 
similar  table*  embodying  his  latest  corrections.  The  differences  from 
Abbess  table  are  trifling,  and  mainly  confined  to  two  years  (1891  and 
1892).  I  judged  it  best,  however,  to  revise  the  whole  of  my  arithmetic, 
so  as  to  employ  Wolfer's  own  most  approved  figures.  In  the  following 
remarks  S  represents  Wolfer's  value  for  the  sun-spot  frequency.  The 
above-mentioned  table  gives  the  mean  S  for  each  month  and  for  each 
year. 

The  magnetic  quantity  selected  for  comparison  is  the  mean  monthly 
"  range,"  meaning  thereby  the  difference  between  the  greatest  and 
•  '  Met.  Zeitachrift,*  May,  1902  p.  195. 
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f  jii^t  of  the  twenty 'four  hourly  values  hi  the  mean  diurnal  inequality 
tho  month  in  questiori,  based  on  the  five  qttM  ilnys  selected  for  the 
lionth  l>y  the  Astronomer  Royal.  Calling  this  quantity  R  for  any 
larticular  magnetic  element^  T  tentatively  assumed 

R  =  a^hS .,....,..„.„.... (1), 

Hth  a  iuid  b  constants.  I  grouped  together  the  11  Januarys,  the  11 
lebruarj^a,  and  so  on,  of  the  H-year  period,  and  determined  a  and  t 
least  squares  for  each  of  the  resulting  12  groups.  There  Wing 
Inly  11  years' data,  the  calculated  values  doubtless  are  appreciably 
lice  ted  by  quasi -accidental  irregularities,  but  there  is  so  striking  a 
keml>bitice  between  the  move  conspicuous  features  of  the  results 
puiid  for  the  declination,  inclination  and  horizontal  force  as  to 
listify  the  conclusion  that  the  ]>henomena  are  lmn<f  Jith.  Full  parti* 
lilarii  will  be  given  ];iter.  At  present  it  wiW  auffiee  to  record  the  mean 
Kbies  found  for  the  (r  and  b  of  the  formula  for  three  groups  of  months 
-viz,  :— 

Winter,  comprising  November  to  February, 

Equinox         „  March,  April,  September,  Octolwr,  and 

Summer         „  May  to  August, 

The  rcfc^ults  arc  as  follows  : — 
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In  obtaining  these  figures  I  have  retained  a  figure  in  the  value  of 
h  beyond  that  recorded  in  Table  I. 

Tables  I  and  II  will  suffice  to  bring  out  one  of  the  most  important 
points  established,  viz..  that  b  is  certainly  different  from  one  month  to 
another,  and  is,  for  all  the  elements  exfcept  the  vertical  force,  decidedly 
larger  at  the  equinoxes  (more  especially  it  would  appear  at  the  spring 
equinox)  than  at  other  seasons.  This  means  that  the  equinoxes  are 
the  seasons  at  which  the  amplitude  of  the  diurnal  inequality,  when 
considered  absolutely^  is  most  dependent  on  the  sun-spot  frequency. 
When  we  take  into  account,  however,  the  difference  between  the  ranges 
of  the  diurnal  inequalities  at  different  seasons  of  the  year,  we  find 
that  winter  is  the  season  when  sun-spot  frequency  is  relaiivehj  most 
important.  This  will  be  recognised  on  reference  to  Table  III,  remem- 
bering that  a  represents  the  range  corresponding  to  a  total  absence  of 
sun-spots,  while  a  +  41*7  6  is  the  range  corresponding  to  a  sim-spot 
frequency  of  41*7,  this  being,  as  already  mentioned,  Wolfer's  mean 
value  for  the  1 1  years  in  question. 

Table  III. 
Values  of  41-76  -^  a. 

Horizontal  Vertical 

Declination.       Inclination.  force.  force. 

Winter 0*42  0-69  0-60  0*19 

Equinox  0*27  0-49  0*39  0*06 

Summer 0-20  0-35  0*26  0'07 

Table  III  serves  also  to  bring  out  another  important  result,  viz.,  that 
the  influence  of  sun-spot  frequency  on  the  amplitude  of  the  diurnal 
inequality  is  very  much  less  for  the  vertical  force  than  for  the  three 
other  elements  considered. 

A  recent  interesting  paper  by  Ilajna*  shows  that  the  idea  of  a  linear 
relationship  between  diiu-nal  magnetic  range  and  sun-spot  frequency 
has  already  been  applied  by  at  least  two  previous  investigators,  Rajna 
and  Wolfer.  They  seem,  however,  to  have  applied  it  only  to  mean 
annual  values,  and  to  have  considered  declination  only.  Kajna,  deal- 
ing with  declination  data,  observed  at  Milan  over  the  long  period 
1836  to  1901,  applies  a  formula  of  type  (1)  to  what  he  calls  the 
**  medie  annuali  deir  escursione  diurna." 

The  value  he  finds  for  b  is  0'*047.  He  mentions  that  in  an  earlier 
similar  investigation,  including  declination  data  from  several  stations, 
Wolfer  obtained  the  value  0'-040. 

I  am  uncertain  as  to  the  precise  meaning  of  Rajna's  **  medie  annuali," 
but  it  certainly  is  not  quite  the  same  thing  as  the  mean  range  in 
Table  I,  so  that  the  results  are  not  absolutely  comparable. 

•  *  Rendiconti  del  R.  Ist.  Lomb./  Serie  II,  vol.  85  1902. 
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Another  recent  nnd  able  paper  bciinng  o)i  the  subject  appears  in  the 
ht  piibliehcd  volume  of  the  French  Bureau  M^t^orologique,  which 
lis  just  come  into  my  handa*  The  author,  Mr.  Alfred  Angot,  has 
Iiticipated  nie  in  applying  a  formula  of  type  (1)  to  the  individual 
loutha  of  the  year ;  Imt  he  treats  of  the  amplitudej  not  of  the  diurnal 
Vnge  as  a  whole,  but  of  that  of  the  coefficients  of  the  several  terms  of 
le  Fourier^s  series  into  which  the  diurnal  inequality  can  be  analysed, 
Ihe  paper  treats  only  of  the  dedination — ^dealing  with  data  from 
Idinary  days  at  Pare  St.-Maur,  Greenwich  and  Batavia — but  the 
lithor  expresses  his  intention  of  considering  in  the  future  the 
(jrizontal  force. 

A  special  feature  of  the  present  investigation  is  that  the  magnetic 
Lta  are  derived  exclusively  from  magnetic  (ptki  days.     This  suggests 

once  a  query  and  a  critieiBni,  a  qviery  as  to  why  one  did  not  employ 
[irrosponding  snn-spot  data  confined  to  the  magnetically  quiet  days^ 

criticism  that  as  the  two  sets  of  data  employed  do  not  absolutely 
Lr respond,  the  comparison  actually  made  may  be  misleading* 

As  to  the  query ;  Wolfer,  it  is  truc^  publishes  at  regular  intervals  in 
ijo  *  Met,  Zeitschrift '  |?j'mHsrif)?i/i^  sun-spot  frequencies  for  each  day* 
[hese  figures  are,  however^  presumably  inferior  in  certainty  to  the  final 

^lu'cs  he  has  embodied  in  his  tiible  after  consulting  all  available 
Imrces  of  information^     The  ^"ital  consideration,  however,  is  that  at 
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*•  Characteristics  of  Electric  Earth-current  Disturbances,  and  their 
Origin/'  By  J.  E.  Taylor.  Communicated  by  Sir  Oliver 
Lodge,  F.RS.  Eeceived  December  16,  1902, — Read  January 
22,  1903. 

The  following  notes  refer  to  effects  which  appear  to  have  a  distinct 
connection  with  the  so-called  "  ionisation  "  of  the  upper  regions  of  the 
atmosphere  by  radiations  from  the  sun,  and  which  have  repeatedly 
attracted  my  attention  during  the  course  of  recent  experiments  in 
wireless  telegraphy  for  the  British  Postal  Telegraphs. 

In  the  electronic  theory  of  the  causes  producing  the  aurora  borealis, 
it  is  assumed  that  by  the  deflection  of  the  course  of  the  flying  ions  or 
electrons  towards  the  poles,  due  to  the  earth's  magnetic  field,  a  con- 
centration results  in  those  neighbourhoods,  giving  rise  to  the  pheno- 
menon. 

The  effects  classed  by  telegraph  engineers  as  earth-currents  have  also, 
apparently,  a  direct  connection  with  the  ionisation  of  the  atmosphere^ 
As  is  well  known,  these  are  at  times,  particularly  when  auroral  displays 
are  in  evidence,  so  strongly  pronounced  as  to  interfere  more  or  less 
with  ordinary  telegraphic  working  on  earthed  circuits. 

In  special  cases,  where  sensitive  apparatus  is  used,  they  are,  every 
day,  sufficiently  pronounced  to  cause  disturbance,  for  some  hours  at 
least,  even  under  normal  conditions.  They  have  been  found  to  be 
particularly  troublesome  in  the  Post-office  system  of  wireless  telegraphy^ 
in  which  a  sensitive  telephone  receiver  is  connected  in  a  low  resistance 
circuit  earthed  in  the  sea  at  both  ends. 

To  enumerate  in  a  systematic  manner  the  various  investigations 
which  have  been  made  from  time  to  time  on  the  subject  of  earth- 
currents  would  involve  a  lengthy  paper  ;  but  only  the  more  prominent 
features  which  have  forced  themselves  on  my  observation  will  here  be 
briefly  summarised. 

The  disturbances  evidence  themselves  by  producing  various  charac- 
teristic noises  in  the  telephone  receiver.  They  have  not  been  con- 
founded with  ordinary  telegraphic  or  other  inductive  disturbances, 
as  they  appear  in  circuits  far  removed  from  any  such  source  of 
affection.  In  these  latitudes  they  are  always  stronger  and  of  more 
frequent  occurrence  in  summer  than  in  winter.  They  are  daily  in 
evidence  for  a  few  hom-s  at  or  about  the  time  of  sunset,  t.«.,  whilst 
daylight  is  fading. 

In  general  they  do  not  evidence  themselves  to  any  great  extent 
during  broad  daylight,  but  are  readily  precipitated  by  atmospheric 
electrical  effects  or  any  tendency  to  thunderstorms,  and  rarely,  if 
ever,  fail  to  herald  the  approach  of  a  storm  or  gale. 
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I  The  chnracteristic  noises  produced  maybe  dlvidad  Into  five  claeBe& 

aembling — 

(i)  Uniform    flowing  or  rushing  of   water :   this  is  usually  a  day- 

tiu  disturbance,  and  ia  occasion^illy  of  considerable  vigour. 

(ii )  r n t emii tten t  enickli ng  :  an  accompan iment  of  other  disturbances, 
|(in)  Bnbbling  and  boiling  of    water:    the  usual  form  of  nightfall 

stnrbnnoe,  but  a]i?io  frequently  occurring  in  the  daytime. 

(iv)  Rocket  disturlmncea.  These  are  peculiar  and  characteristic, 
Iviiig  some  resemblance  to  the  sound  produced  by  a  rocket  rising 
the  air.  They  commence  with  a  shrill  whistle  and  die  away  in  a 
ke  of  diminishing  pitch.  They  vary  in  intensity,  but  always  have 
I  similar  duration  of  from  2  to  4  seconds;  are  freely  heard  at  night. 
Id  only  occasionally  during  the  day, 

l{v)  Disturbances  duo  to  high  frequency  effects,  inaudible  on  the 
Itf phone,  but  evidenced  on  the  coherer,  magnetic  detector,  or  other 
Vui  of  Hertzian  receiver. 

I  These  various  distuT'baneea   were,  for  some  time^  ver}'  puzzling  to 
but  on   perusing  Professor  J.  J,  Thomson's  paper,  read  at  the 
byal  Institution   on   IBth  Aprib   1901,  it  speedily  apjjcared  highly 

jb;i]ile   that   they  were  due  to  electrical   efiects  produced  in  the 
sphere    by    the    ionisiition    caused    by    solar    nulla tions   and    the 
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the  atmosphere  and  the  ionisation  produced  by  the  sun  suggests  the 
source  of  the  other  daytime  disturbances  referred  to.  It  appears 
highly  probable  that  they  are  the  accompaniment  of  the  clearing  up 
process.  Effects  analogous  to,  if  not  actually,  electric  currents  are 
doubtless  produced  in  the  atmosphere,  which  are  induced  in  the  sea 
and  collected  by  the  circuit.  On  the  other  hand,  the  nightfall  dis- 
turbances are  probably  due  to  normal  clearing  up  processes,  revealed 
when  the  air  becomes  sufficiently  non-conducting  to  act  no  longer  as 
a  screen.  These  suggestions,  though  by  no  means  complete,  are  sub- 
mitted for  what  they  may  be  worth. 

It  is  probable  also  that  the  diurnal  variations  of  the  earth's  magnetic 
field  are  influenced  by  the  same  causes. 

One  more  point.  The  periods  of  maximum  disturbances,  experi- 
enced on  the  earthed  circuits  referred  to,  appear  to  coincide  with 
periods  of  maximum  atmospheric  disturbances  on  the  newer  Hertzian 
system  of  wireless  telegraphy,  and  indicate  the  same  source  of  trouble. 
Further,  I  would  suggest  that  we  have  here  a  clue  to  the  tnie  explana- 
tion of  the  greater  night-time  efficiency  in  signalling  observed  by 
Mr.  Marconi  in  recent  experiments.  With  ionised  air  the  electric 
waves  will  be  partly  broken  up  and  absorbed,  with  consequent  abstrac- 
tion of  energy  from  the  transmission.  At  night,  when  the  ionisation 
is  cleared  up,  the  strength  of  the  radiated  waves  will  be  sustained. 

Some  interesting  investigations  by  the  aid  of  sounds  produced,  in  a 
telephone,  by  the  passage  of  electrical  currents  through  rarified  gases 
can  no  doubt  be  carried  out.  Professor  Eighi  has  already  made  some 
observations  in  this  connection,  but  much  more  can  yet  be  done. 
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"Solar  Eclipse  of  1900,  May  28. — General  Discuaaion  of  Spectro- 
scopic Eesults."  By  J.  Evkrshkd,  F.RA.S.  Communicated 
by  the  Joint  Permanent  Eclipse  Committee.  Received  Decem- 
ber 17,  1902,— Read  January  22,  1903. 

(Abstract.) 

In  a  general  way  the  conclusions  arrived  at  from  the  discussion  of 
the  spectra  obtained  in  1898  are  amply  confirmed  and  extended  by  the 
present  results.  It  is  now  shown  that  every  strong  dark  line  of  the  solar 
spectrum  exceeding  Rowland's  intensity  7  is  found  in  these  spectra 
as  a  bright  line ;  and  the  great  majority  of  the  bright  lines  of  the 
flash  spectrum,  excluding  hydrogen  and  helium  lines,  coincide  with 
dark  lines  of  intensity  not  less  than  3. 

Most  of  the  bright  arcs  of  the  flash  spectrum  are  well-defined 
narrow  lines  admitting  of  considerable  accuracy  in  the  measures,  and 
the  present  determinations  of  wave-length  indicate  that  the  coinci- 
dence of  the  bright  lines  with  the  dark  lines  is  exact  within  *05  t.m. 
for  all  the  well-defined  lines. 

As  regards  the  relative  intensities  of  the  lines  of  any  one  element 
in  the  flash  and  Fraunhofer  spectra,  my  previous  results  require 
modification  and  extension  as  follows:  The  relative  intensities  of 
isolated  lines  of  an  element  in  the  flash  spectrum  are  in  general,  but 
not  exact,  agreement  with  those  of  the  same  element  in  the  solar 
spectrum,  and  those  lines  which  are  exceptionally  strong  in  the  flash 
are  in  most  cases  lines  which  are  enhanced  in  the  spark  spectrum  of 
the  element. 

All  of  the  more  prominent  enhanced  lines  of  iron  and  titanium,  as 
determined  by  Sir  Norman  Lockyer,  are  found  to  coincide  with  strong 
lines  in  the  flash,  but  owing  to  the  compound  nature  of  some  of  the 
lines,  it  is  not  certain  that  all  of  these  have  abnormal  intensities  in 
the  flash. 

There  is  no  evidence  of  differences  in  the  relative  intensities  of  the 
lines  of  an  element  in  the  higher  or  lower  regions  of  the  flash  layer, 
and  the  enhanced  lines  appear  to  predominate  throughout  the  entire 
depth  of  the  radiating  stratiun.  The  enhanced  lines  are  equally 
prominent  in  the  polar  regions  and  in  low  latitudes,  and  the  flash 
•pectnun  generally  is  now  found  to  be  the  same  in  all  latitudes  and 
shows  no  essential  change  after  an  interval  of  ^vq  years. 

An  explanation  of  the  abnormal  intensities  of  the  enhanced  lines  in 
the  flash  spectrum  is  now  offered,  which  depends  on  the  assumption 
of  a  continuous  circulation  of  the  solar  gases  in  a  radial  direction ; 
the  highly  heated  ascending  gases  giving  the  predominant  features  to 
flash  spectrum,  whilst  the  cooler  more  diffused  gases,  slowly 
'  ng,  determine  the  character  of  the  absorption  spectrum. 
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The  entire  chromosphere  is  supposed  to  consist  of  innumerable 
small  eruptions  or  jets  of  highly-heated  gases  similar  to  the  so-called 
"  metallic  "  prominences,  which  are  only  the  more  pronounced  mani- 
festations of  the  same  eruptive  agencies. 

Evidence  for  this  is  found  in  the  characteristic  features  of  the 
chromosphere,  and  in  the  detailed  structiu*e  of  many  of  the  Fraun- 
hofer  lines,  which  show  wide  emission  lines  underlying  the  narrow 
absorption  lines.  These  ill-defined  bright  lines  in  the  normal  solar 
spectrum  are  distinctly  displaced  towards  the  violet,  indicating  a  strong 
uprush  of  the  hotter  gases,  whilst  the  narrow  absorption  lines  are 
almost  in  their  normal  positions,  and  appear  to  indicate  a  slow  and 
uniform  descent  of  the  absorbing  gases. 

The  final  conclusion  is  that  the  flash  spectrum  represents  the 
emission  of  both  ascending  and  descending  gases,  whilst  the  Fraunhofer 
spectrum  represents  the  absorption  of  the  descending  gases  only. 


"  On  the  Electrodynamic  and  Thermal  Relations  of  Energy  of 
Magnetisation."  By  J.  Lakmor,  M.A.,  D.Sc,  Sec.  RS.  Ee- 
ceived  January  2, — Eead  January  22,  1903. 

1.  There  appears  to  be  still  some  uncertainty  as  to  the  principles  on 
which  the  energy  of  magnetised  iron  is  to  be  estimated,  and  the 
extent  to  which  that  energy  is  electrodynamically  effective.  The 
following  considerations  are  submitted  as  a  contribution  towards 
definite  theoretical  views. 

The  electrokinetic  energy  of  a  system  of  electric  currents  tj,  t2, . . ., 
flowing  in  complete  linear  circuits  in  free  aether,  is  known  to  be 

i(iiN  1-1-12X2+  .  ..); 

wherein  Ni  is  the  number  of  tubes  of  the  magnetic  force  (a,  p,  y)  that 
thread  the  circuit  ii,  and  is  thus  equal  to  j{la-\-mp  +  ny)dS  ex- 
tended over  any  barrier  surface  S  which  blocks  that  circuit,  (a,  )S,  y) 
being  circuital  {i.e.,  a  stream  vector)  so  that  all  such  barriers  give  the 
same  result.  As  under  steady  circumstances  (a,  j8,  y)  is  also  derivable 
from  a  magnetic  potential  V,  which  has  a  cyclic  constant  iiri  with 
regard  to  each  current,  this  energy  assumes  the  form 


Sir     J.      \ 


ox         oy       ozj 


in  which  the  integrals  are  now  extended  over  both  faces  of  each 
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Jarrier  eiirfiice.     This  is  equal  liy  Green's  theorem  to  the  volume- 
itegral 

X tended  tlirou|]j]iout  all  sp-tce.      Thts  latter  integral  is  in  fact  takea 

inoBt  forma  of  MuxivelTs  theory  t<3  represent  the  actual  distrihution, 

li   all   eircumatauces  whether  steady  or  not,*"  of   the   electrokinetia 

Inergy  finiong  the  elements  of  volume  of  the  aether,  in  which  it  is  sup- 

lo!4ed  to  reside  aa  kinetic  energy. 

2,  The  moat  definite  and  consistent  way  to  treat  magnetism  and 

energy  i?  to  consider  it  as  consisting  in  molecular  electric  currents; 

that   in  magnetic  media  we    have  the   ordinary   finite   currentSj 

■omhined    with     molecular    currents   so    numerous   and   irregularly 

Iricntated  that  we  can  only  average  them  up  into  so  much  polarisation 

ler  unit  volume  of  the  space  they  oecupy.     So  far  in   fact  as  the 

litter    currents   are   concerned,  the   only  energy  that   need   or   can 

Iccupy  our  attention  is  that  connected  with  some  regularity  in  their 

Jrientation,   t.f.,    with   nmgnctisation,  the    remaining  irregular   part 

fig  classed  with  heat.     If  there  were  no  such  molecular  cuiTents, 

le  magnetic  force   (a,  /^»  y)  in  the  aether  would  in  steady  fields  bo 

lerivcd  from  a  potential  cyclic  'jnly  witlt  regard  to  the  definite  niunher 
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If  we  compare  this  result  with  the  customary  magnetic  vectors  of 
Kelvin  and  Maxwell,  it  appears  that  (a,  P,  y)  must  represent  the 
"induction,"  and  so  will  hereafter  be  denoted,  after  Maxwell,  by 
(a,  bf  c).  The  new  vector,  which  has  a  potential  cyclic  with  respect 
to  the  finite  currents  only,  represents  the  "  force,"  and  will  hereafter  be 
denoted  by  (a,  ^,  y),  whose  significance  is  thus  changed  from  henceforth. 
The  "  induction  "  on  the  other  hand  has  not  necessarily  a  potential, 
but  is,  by  the  constitution  of  the  free  aether,  always  circuital ;  that 
is,  it  satisfies  the  condition  of  streaming  flow 

da     9^     3^  _  A 
dx     dy     dz 
The  expression  for  the  energy  now  includes  terms 
J0iNi  +  t2N.,+  ...) 

for  the  ordinary  currents  ij,  to,  . . .,  where  Ni,  No, . . .  are  the  fluxes,  of 
magnetic  induditm,  through  their  circuits ;  this  transforms  as  usual  into 


OTT       J 


Stt 
over  both  faces  of  each  barrier,  which  by  Green's  theorem  is  equal  to 

i-j(aa  +  />^  +  ry)(/T (i) 

extended  throughout  all  space.     But  there  are  also  terms 

for  the  molecular  currents;  now  taking  N'  to  be  the  cross-section 
of  the  circuit  multiplied  by  the  component  of  the  averaged  induction 
normal  to  its  plane,  and  remembering  that  t'  multiplied  by  this  cross- 
section  is  the  magnetic  moment  of  this  molecular  current,  it  appears 
that  I'N'  is  equal  to  the  magnetic  induction  multiplied  by  the  com- 
ponent of  the  magnetic  moment  in  its  direction,  and  therefore 
i^t'N'  is  equal  to 

^[{\a  +  Bh^Cc)ih, 

Thus  the  magnetic  circuits  add  to  the  energy  the  amount* 

il(Aa-HBi8H-Cr)rfT  (ii) 

together  with 

1ir[{K'  +  W  +  C^dr (iii) 

*  [These  energies  as  here  determined  are  kinetic ;  if  they  are  (as  is  customary)  to 
be  considered  as  potential,  their  tignt  mutt  be  changed.  Cf,  <  Phil.  Trans.,'  A., 
1894,  p.  806.1 
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jTho  formula  (i)    k    usually   taken,  after  Maxwell's   example,   to 

Ipreaent  the  energy  af  the  electrokinetic  field.      It  here  appears  that 

represents  only  the  part  of  the  energy  that  is  concerned  with  the 

Irrent^T  arising  from  their  mutual  interactions  and  the  interactions  of 

|e   raagneta  with  them ;  that  there  exists  in  iiMUimi  a  quantity  (ii) 

[lich  is  that  taken  \yy  Maxwell  as  the  energy  of  magnetisation  in 
le  field  (att  ii,  7),  and  aUo  a  rjuantity  ^iii)^  whioh  is  purely  looat  and 
liislitutivc,  of  the  same  general   t}^  as  energy  of  ciystaHisatioii. 

^e  cjiiestion  arises  w lie t her  (iii)  is  n  pjirt  of  the  intriuaic  energy  of 
Ifignetisation  of  ilirterent  kind  from  (ii),  in  that  it  cannot  even 
Vrtially  emerge  ;i3  mechanical  \^'ork,  oi'  on  the  contrary  the  usual 
Irmula   (ii)   must    he  am  coded.      See  ^  5^   8,      In   any   case  the 

hiamfcs  of   the  field  of   currents   (when   there   are  no   irreversible 
litures)  in  valves  only  that  part  of  the  energy  function  in  which  the 
Irrents  operate,  thus  excluding  both  (ii)  and  (iii), 
1 3.  The  simplest  example  is  that  of  a  coil  of  n  ttirns  carrying  a 
rent  *,  wound  uniformly  on  a   narrow  iron    ring- core,  of   erosa- 

ction  S  and  length  /.     On  the  present  basis  the  energy  is  made  up 
an  electrodyniimic  part  hn0^  and  a  magnetic  part  ilJS/;  as 
kni  =  *j/  by  the  Amperean  circuital  law,  these  parts  are 
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force  its  way,  to  be  expelled  again  by  the  elasticity  of  its  walls  when 
the  stream  begins  to  set  in  the  reverse  direction.  This  increase  of 
kinetic  pressure  on  the  turbine  roughly  represents  the  electromotive 
pressure  on  a  motor  due  to  the  increased  magnetic  flux,  and  the 
energy  spent  in  expanding  the  reservoir  as  it  fills  up  represents  the 
energy  of  magnetisation  of  the  iron.  If  things  were  perfectly  reversi- 
ble in  the  reservoir,  that  is  if  the  iron  were  perfectly  soft,  the  latter 
energy  would  rise  and  fall  concomitantly  with  the  alternations  of 
pressure  on  the  motor,  but  of  course  if  its  temperature  remained  con- 
stant it  would  contribute  nothing  to  the  energy  driving  the  motor, 
which  must  be  introduced  into  the  system  from  an  extraneous  source. 
But  if  there  are  frictional  resistances  involved  in  filling  the  reservoir, 
the  operations  will  not  l)e  perfectly  reversible,  and  mechanical  energy 
will  be  lost  in  it  by  conversion  into  heat ;  and  moreover  on  account 
of  the  phase  of  its  changes  getting  out  of  step — still  more  by  perma- 
nent delays  such  as  are  classed  under  hysteresis — ^it  will  operate  less 
efficiently  in  directing  the  stream  of  energy  towards  the  turbine. 
Both  these  statements  have  analogical  application  to  the  iron  in  a 
magnetic  circuit. 

An  example  is  provided  by  the  ring-coil  aforesaid.  Suppose  that 
when  the  current  has  ceased  in  the  coil  the  core  retains  permanent 
magnetism,  its  energy  being  the  latter' term  in  the  formula  above. 
This  corresponds  to  the  reservoir  becoming  temporarily  choked,  so 
that  it  retains  its  contents  after  the  pressiure  that  drove  the  liquid 
into  it  has  been  removed.  The  question  arises  whether  this  retained 
energy  is  available  for  mechanical  work.  The  present  aspect  of  the 
matter  appears  to  lead  to  the  conclusion  (Lord  Rayleigh's)  that  it  will 
not  be  available  to  any  considerable  extent  unless  its  pressure  in  the 
reservoir  is  considerable,  that  is,  in  the  magnetic  case,  unless  the  iron 
is  not  very  receptive  of  magnetisation. 

The  paradox  that  energy  of  residual  magnetism,  which  is  outside  the 
electrokinetic  system,  can  on  running  down  affect  that  system,  shows 
that  the  circumstances  are  more  general  than  an  analogy  of  a  pure 
dynamical  system  of  finite  inimber  of  degrees  of  freedom  can  illustrate. 
In  fact  the  equations  of  dynamics  imply  permanent  structure  of  the 
system ;  whereas  in  Professor  Ewing's  illustrative  model  of  para- 
magnetisation,  when  the  displacement  is  great  enough  the  structure 
changes  by  the  component  magnets  toppling  over,*  and  after  the 
general  disturbance  thus  set  up  has  subsided  with  irrecoverable  loss  of 
energy  into  heat,  there  remains  a  new  structure  to  deal  with.  The 
only  way  to  estimate  the  available  part  that  may  be  latent  in  the  great 
store  of  energy  of  residual  magnetism  of  an  iron  core  is  thus  by  the 
empirical  process  of  detailed  experiment.     Lord  Rayleigh  has  infeired 

*  The  effective  susceptibility  dljdli,  becoming  enormous  in  the  steep  part  of  U\«v 
characteristic  ourre. 
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Irom  the  form  of  the  curve  of  hysteresis  for  retentive  iron  in 
ligh  fields  that  the  fraution  that  is  directly  available  at  the  actual 
lemperature  must  always  be  small,  and  he  supportH  the  inference  by 
Ion  aider  ations  of  the  nature  of  the  above  analogy;  in  the  absence  of 
fysteresis  there  would  lie  no  such  direct  availability,  He  derives  the 
[ractical   reanlt  that   a  t-omplete  magnetic  circuit   is   deleterious  for 

uluctiou  coils  in  which  length  of  spark  is  the  deMthrafumj  the  increased 

Dtal  induction  attained  inside  the  ring^-ore  being  more  then  neutra- 

by  the  diminished  promptness  of  magnetic  reversal. 

In  fact,  if  the  core,  laminated  bo  as  to  have  merely  negligible  con- 

luctivity,  is  surrounded  by  a  perfectly  conducting  coil  or  sbeatb,  and 

Is  |}ermarient  magnetism  is  removeil  at  constant  rate  -  dl/df  hy  an 

Ileal  process  applied   to  it,   the  intensity  of  induction  in  the  core 

ill   diminish  at   the   rate    -  iirdljdi ;  and   this   defect   of  induction 
[iiist  be  made  good  by  the  influence  of  the  current  thereby  induced  in 

be  sheath,  as  otherwise  there  would  be  a  finite  electromotive  power  in 
which  is  impossible  on  account  of  its  perfect  conductivity.     This 
Estored  induction  is  of  the  form  H'  +  47rr^  where  V  is  the  magnetism 
Idticed  by  the  force  H'  due  to  the  induced  current ;  thua 
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derived   from   purely  thermal  sources;    and  the  following  thermo- 
dynamic argument*  will  strengthen  this  conclusion. 

If  the  value  of  the  magnetic  susceptibility  k  for  any  material  is  a 
function  of  the  temperatiu'e,  we  can  perform  a  Carnot  reversible 
cycle  by  moving  a  small  portion  (say  a  sphere)  of  the  substance  in  the 
permanent  field  of  a  system  of  magnets  supposed  held  rigidly 
magnetised  by  constraints.  We  can  move  it  into  a  stronger  region  H2  of 
this  field,  of  varying  strength  H,  maintaining  it  at  the  temperature  6 
by  a  supply  of  heat  from  outside  bodies  at  that  temperature ;  we  can 
then  move  it  on  further,  having  stopped  the  supply  of  heat,  until  its 
temperature  becomes  6  -SO ;  we  can  move  it  back  again  isothermally 
by  aid  of  a  sink  of  heat  at  this  temperature  until  the  stage  Hi  is  reached^ 
when  further  progress  back  adiabatically  will  restore  it  to  its 
original  condition.  If  k  is  a  function  only  of  the  strength  of  field  and 
of  the  temperature,  this  cycle  will  be  reversible.  If  E  is  the  heat- 
energy  supplied  at  temperature  0,  and  W  is  the  work  done  on  the 
sphere  by  external  bodies  in  the  cycle,  the  principle  of  Carnot  gives  the 
relation 

E  _  W 

6  ~  se' 

Now  W  =   -  ^  (ilsH,  -  iliHi)  SO 

(Ik 

=   "h^  (H2''  -  Hi2)8(9,  if  K  is  small,! 

when  the  cycle  is  taken  such  that  the  change  of  H  along  the  adiabatic 

•  This  theoretical  deduction  of  Curio's  Isw  has  been  already  given  substantially 
in  *  Phil.  Trans./  A,  vol.  190, 1897,  p.  287. 

The  theory  of  diamagnetism,  which  assigns  it  to  modification  of  conformation 
iu  t])e  individual  molecule  by  the  inducing  field  rather  than  to  average  spaciai 
orientation  of  the  crowd  of  molecules,  leads  to  a  non-thermal  origin  as  regards 
that  part.  The  analogous  question  {loc.  cit.)  as  to  whether  dielectric  polarisation 
iH  mainly  an  afTairof  orientation  of  unaltered  molecules  like  paramagnetism,  or  one 
of  polarity  due  to  internal  defonnation  of  the  molecule  like  diamagnetism,  is  now 
answered  by  the  expenments  of  J.  Curie  and  Compan  ('  Comptes  Bendus,'  June  2, 
1902).  It  appears  that  the  dieleotric  coefficient  of  glass,  for  rapid  changes, 
diminiihes,  but  not  very  quickly,  with  fall  of  temperature,  and  that  at  temperatures 
below  —70°  C.  duration  of  charge  ceases  to  have  influence  on  its  value.  The 
electric  excitation  is  thus  analogous  to  diamagnetism  and  has  no  thermal  bearing, 
its  energy  being  self-contained  in  the  molecule ;  the  signs  of  the  susceptibilities  in 
the  two  cases  are  different,  because  the  one  is  of  static,  the  other  of  kinetic 
character.  The  sharpness  of  the  Zeeman  magneto-optic  effect  has  already  led 
('  Aether  and  Matter,'  1900,  p.  351)  in  this  direction,  for  it  requires  that  the 
electric  polarisation  in  the  molecule  shall  be  of  isotropic  type,  so  that  there  may 
be  no  axis  of  maximum  susceptibility. 

t  This  restriction  is  not  necessary  for  the  final  result ;  if  c  is  not  small^  W  and 
B  have  both  to  be  multiplied  by  the  same  factor. 
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of  tbe  pfith  ia  negligible  compoimd  with  that  along  the  isothermal 
Art.     Thua 


E-    ^i{H:;— Hr-)^ 


tm 


Jow  thu  BKpenmeiits  of  Curie  on  the  rektton  of  k  to  ^  in  weakly 
himifvipidic  Tn^iGTiiils  make  k-  vaty  inversely  as  0 }  and  this  result  hm 
liore  recently  been  veriiied  down  to  very  low  temperatures  by  Dewar 
|[id  Fleming.     This  gives 

Phus  the  movement  of  the  nmgnetfs/ible  material  at  uniform  tem|j€ra- 
|ure  is  aecompfiiiied  by  a  supply  to  it  of  heat,  equal  to  the  mechanical 
irork  done  by  it  owing  to  the  attraction  of  the  field ;  and  this  heat 
just  what  iH  wanted  to  be  transformed  into  the  additional  energy  of 
Bitrinsic*  magneti>iatiori  (ii)  of  ^  2,  It  is  to  be  ol>aerved  that  in  the 
letual  experiments  k  was  small^  and  the  other  part  (iii)  of  this  energy 
Ihercfore  negligible :  so  thitt  no  eonelusion  tis  to  the  extent  to  which 
|tti  source  it*  thei'mal  can  be  derived  from  Curie *s  law, 

6.  The  uncertiunties  of  §  4  do  not  of  course  affect  the  estimation 
le  loss  of  motive  power  arising  from  cycVxc  magnetic  hysteresis, 
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the  integral  being  taken  along  the  path.  If  (A,  B,  C)  is  a  function 
of  (a,  P,  y),  that  is  if  the  magnetism  is  in  part  thoroughly  per- 
manent, and  in  part  induced  without  hysteresis,  so  that  the  operation 
is  reversible,  this  work  must  vanish  for  a  complete  cycle ;  otherwise 
energy  would  inevitably  be  created  either  in  the  direct  path  or  else  in 
the  reversed  one  of  the  complete  system  of  which  8r  is  a  part.  Thus 
the  negation  of  perpetual  motion  in  that  case  demands  that 

Ar/a  +  B^^  +  Wy  =  #, 

where  </>  is  a  function  of  (a,  ^,  y),  involving  only  even  powers,  and 
practically  quadratic  for  small  fields.  Its  coefficients  are  then  the  six 
magnetic  constants  for  general  aeolotropic  material,  no  rotational 
quality  in  the  magnetisation  being  thus  allowable  by  the  doctrine  of 
energy.  But  if  there  is  hysteresis,  so  that  the  cycle  is  not  rever- 
sible, 


-SrUAda  +  BdlS  +  Cdy), 


or  in  vector  product  form  -  5t  J  |  d^,  represents  negative  mechanical 
work  done,  or  energy  degraded,  in  the  cycle. 

In  addition  to  this  energy  concerned  with  attraction,  the  external 
field  expends  energy  in  polarising  or  orientating  the  individual 
molecules  against  the  internal  forces  of  the  medium,  of  aggregate 
amount 


^  [{oilA  +  pdE  +  ydC), 


In  any  case,  whatever  the  hysteresis,  the  sum  of  this  second  part 
and  the  first  reveised  is  integrable  independently  of  the  path, giving 

^|Aa-f-Bi«4-Cy|, 

namely,  the  change  in  the  total  energy  in  the  element,  thus  vanishing 
for  a  cycle  which  restores  things  to  their  original  state,  as  it  ought 
to  do  The  latter  part  is  purely  internal,  and  of  merely  thermal 
value  as  in  §  5.  'J'he  former  part  represents  the  averaged  waste  of 
direct  mechanical  energy  in  moving  the  iron  armature  through  the 
cycle,  and  accounts  for  the  heat  thus  evolved.  It  is  the  expression  of 
AN'arburg  and  of  Ewing  for  magneto-hysteretic  waste  of  mechanical 
energy  in  driving  electric  engines ;  for  a  portion  of  a  cycle  it  repre- 
sents work  partly  degraded  and  partly  stored  magnetically. 

7.  Reverting  to  §  5,  we  may  profitably  illustrate  by  working  out  into 
detail  a  suggestion  of  Lord  Eayleigh  (loc.  cU,),  Consider  a  ring-coil  of 
n  turns  with  a  flexible  open  core  of  soft  iron  of  length  /  and  cross- 
section  S,  whose  flat  ends  are  bent  round  until  they  face  each  other  at 
a  distance  small  compared  with  the  diameter  of  section.  We  can 
apply  Hopkinson's  theory  of  the  open  magnetic  evtcvsiX.  \»  \xw5.^  'Odl^ 


rrof,  E-  Wilson. 


[JM-y, 


ft  waa  observed  at  2  million  penods  per  second.  It  is  possil)le, 
&refore,  that  some  residual  charge  has  already  come  out  at  2  miUiori 
riods  per  second, 

IWTien  the  glycerine  vrns  warmed  up  to  atmospheric  temperature  lO^C., 

still  remained  s^tU*!,  uikI  its  dielectric  properties  were  examined  at 

temper atiire.     The  resistance  of  the  condenser  was  216000  ohms, 

[lether  the  time  of  contact  was  0^00002  or  0-01 1  second,  and  this  is 

3^  times  the  rede ta nee  at  10"  C.  when  the  glycerine  was  in  the 

Imtl  state.     No  residual  charge  comes  out  bet^'een  the  alx)T'e  times. 

2   million  periods  per  second  the  specific  capacity  of   this  solid 

^cerine  at  10""  C.  is  C'67.      By  the  methotl   described  previously'^ 

specific  capacity  is    16  at  50  periods  per  second.     The  specific 

Evcity  in  the  liquid  and  solid  states  at  10"  C.  ^^aries  approximately 

the  conductivity  for  long  times.     The  reaidiial  charge  comes  out  at 

[les  less  than  O'OOOOt?  second,  ivh ether  the  glycerine  be  liquid  or  aolic! 

Finally,  the  condenser 
was  frozen  in  carbonic  acid 
snow  in  ether,  and  the  con- 
ductivity at  -  8r  C.  is  shown 
by  the  curve  No.  2  in  the 


4 
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the  conductivity  falls  and  then  rises,  as  the  temperature  is  varied  from 
+ 13"  to  -  59"  C.  when  freezing  from  the  liquid  to  the  solid  state.  An 
analogous  effect  has  been  observed  in  soda-lime  glass.* 

When  the  time  of  contact  is  0*006  second,  all  the  points  in  the  table 
lie  well  on  the  same  ciure  between  -26**  and  -81'  C.  It  is  when 
freezing  from  the  liquid  .to  the  solid  states  that  such  serious  changes 
occur  at  the  short  times. 


Condactiyity  in  10-«  ohms-*. 

Time  of 
contact  in 

seconds 
after 

Freezing  from  liquid  to 
solid  state* 

Freezing  from  solid  state. 

application 
of  force. 

1             ; 

+  18*»C. 

-26^0. 

-69*^  C. 

+  12^0. 

-48^0. 

-75*C. 

-81'*  C. 

0-00002 

15 

1-72 

8  08 

4-68 

0-883 

0-191 

0  197 

0  00017 

•  • 

,, 

•  • 

•  • 

,, 

0  0801 

0-00086 

,, 

, , 

0  172 

•  • 

•  •    - 

0  0201 

0-00099 

, , 

, , 

0  0708 

,, 

,, 

0  0120 

0  0028 

, , 

•  • 

0  0481 

, , 

, . 

0  0109 

0-0060 

•  • 

•  • 

0-0819 

0-184 

0-012 

0  0092^ 

0-0090 

16 

0-67 

00287 

o-ou 

•  • 

,, 

0-0249 

4*68 

0-018 

•• 

•• 

0-0160 
Curve 

Ciirre 

No.  1 

1    No.  2 

•  Hopkinson  and  Wilson,  'Phil.  Trans.,'  A,  vol.  189  (1897),  pp.  109—186. 
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The  Relation  between  Solar  Prominences  and  Terrestrial  Mag- 
netism." By  Sir  NOKiiAN  Lockyeb,  K.C.B,,  F3.S*,  and 
William  J.  S.  Lockyer,  M.A.,  Ph.D.,  F.EXS.  lleceived 
January  14, — Head  January  29, 1903, 

[Flatbs  4  ixn  fi,] 

It  baa  been  stated  in  a  previoua  communication*  that  a  preliminary 
luction  of  the  Roman  observations  of  prominences,  observed  on  the 
I's  limb  by  Taccbini,  indicated  that,  in  addition  to  main  epoi^bs  of 
kxima  and  minima  of  prominences  coinciding  in  time  with  thoae  of 

maxima  and  minima  of  the  total  spotted  area,   there  are  also 
eminent  subsidiary  maxima  and  minima. 

|One  of   na   has  pointed  out  in  a  recent   commuiacation  to  the 

ad^mie  des  Sciences  f    that  a   eompariaon  of    the  frequency   of 

eminences  visible  in  each  solar  latitude  with  the  frequency  of  the 

|}Bt  intense  magnetic  storms,   indicated  that  (a)  magnetic  storms 

sued  as  "  great "  by  Ellis^  and  the  greatest  prominence  actinty  near 

poles  of  the  sun  occurred  at  the  same  time  i  and  (b)  that  the  curve 
I  general  magnetic   activity  was  nearly  the  same  as   that  of  the 
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In  the  curves  accompanying  the  present  communication  (Plate  4) 
the  above-mentioned  set,  except  those  for  80'' — 90°  north  and  south, 
have  been  grouped  in  pairs,  thus  representing  the  percentage  frequency 
of  prominences  in  each  hemisphere  for  zones  of  20"*  of  latitude, 
0" — 20*,  20° — 40°,  &c.,  since  it  was  found  that  this  reduction  could  be 
made  without  losing  any  of  the  characteristic  variations. 

An  examination  of  these  curves  shows  that  they  differ  very  con- 
siderably one  from  the  other  as  we  proceed  from  the  equatorial  to 
the  polar  zones.  Generally  speaking  the  curves  representing  the 
variations  for  each  of  the  zones,  0° — 20°  north  and  south,  conform 
with  the  sun-spot  curve;  that  is,  the  maxima  and  minima  occur  at 
about  the  epochs  of  sun-spot  maxima  and  minima.  Those  for  the  two 
zones^  20° — 40°,  in  both  hemispheres  conform  also  in  the  main  to  the 
general  sun-spot  curve,  but  in  addition  they  display  subsidiary 
maxima  or  changes  of  curvature  superimposed  on  the  main  curve. 

The  curves  for  the  two  zones,  40° — 60°  north  and  south,  have,  on 
the  other  hand,  hardly  any  likeness  to  the  sun-spot  curve,  but  are 
made  up  of  a  series  of  prominent  maxima  representing  special  out- 
biu*8ts  of  prominence  activity. 

Passing  to  the  curves  corresponding  to  the  next  zones,  t.«.,  60° — 80* 
north  and  south,  these  indicate  two  prominent  outbursts  lasting  for  a 
short  period,  showing  that  this  region  of  the  sim  is,  as  a  rule,  practi- 
cally free  from  prominence  activity ;  in  the  remaining  zones,  80° — 90° 
north  and  south,  the  variation  is  small,  and  is  a  faint  echo  of  the 
condition  of  affairs  in  the  neighbouring  zone  60* — 80°. 

The  Magnetic  Curves. 

'Vi-i'  lata  regarding  the  magnetic  phenomena  employed  in  this  com- 
mit, r^v  are  those  brought  together  by  Mr.  William  Ellis,  in  two 
p«.>.ij«,.<  i  papers  on  magnetic  phenomena.* 

V-  \y  take  the  opportunity  here  of  thanking  Mr.  Ellis  for  kindly 
Uing  to  us  a  continuation  of  the  data  published  in  these  two 
*^rmi--   '  -     h  information  he  has  brought  down  to  the  year  1899. 

"*'".  •  L  of  magnetic  phenomena  were  there  dealt  with,  namely, 
•V   .     -  -rom  year  to  year  of  the  diurnal  range  of  the  declina- 

ly-"    '  .ntal  force,  and  magnetic  disturbances. 

K      .'*.  the  former,  Mr.  Ellis  has  shownf  that  the  curves  indi- 

f  :^i:..  '  '  ■'"  variations  are  very  similar  to  that  of  the  general  sim-spot 
<  V  :v  lact,  the  curves  were  found  to  be  almost  identical  in  all 

thxisr  •<  aller  irregularities. 

*  '  PhU.  Trans.,*  Part  II,  1880,  "  On  the  Relation  between  the  Diurnal  Bange  of 
Magnetic  Declination  and  Horisoutal  Force,  as  obserred  at  the  Boyal  Obserratory, 
Q-reenwich,  during  the  years  1841  to  1877,  and  the  Period  of  Solar  Spot  Fre* 
quency";  *  Monthly  Notices,  B.A.8.,' December,  1899,  vol.  60,  No.  2,  "On  the 
Relation  between  Magnetic  Disturbance  and  the  Period  of  Solar  Spot  Frequency." 

t  *  Phil.  Trans.,'  Part  II,  1880. 
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ConqHirison  oj  the  I'runiinciicts  icith  the  MiUjiLdii'  JJist urban  re  Curves. 

If  a  comparifion  of  the  curve  representing  the  number  of  days  of  the 
^* great"  magnetic  disturbance  is  made  with  those  representing  pro- 
minence frequency  (Plate  4),  it  will  be  seen  that  the  former  is  as  unlike 
the  curves  representing  the  prominence  frequency  about  the  solar 
equator  as  it  is  like  those  near  the  poles ;  in  fact,  the  polar  prominence 
outbursts,  and  great  magnetic  disturbances  occur  almost  simul- 
taneously. 

The  peculiar  form  and  general  similarity  of  the  curves  can  be  best 
seen  from  the  accompanying  illustration  (fig.  1).  In  the  figure  com- 
parison is  made  between  the  epochs  of  the  crossing  of  the  known  and 
unknown  lines,  the  percentage  frequency  of  prominences  about  the 
solar  poles  and  Ellis'  "  great "  magnetic  disturbances. 

Two  curves  representative  of  prominence  frequency  are  given,  one 
to  indicate  the  abrupt  nature  of  the  curves  representing  the  frequency 
in  a  zone  near  the  pole  10  degrees  in  width  (in  this  case  60" — TO"* 
north),  and  the  second  to  illustrate  polar  action  as  a  whole ;  this  latter 
was  obtained  by  making  a  summation  of  prominence  frequency  for  the 
two  zones  60" — 90'  north  and  south. 

The  simultaneous  occurrence  of  the  maxima  suggests  that,  when  the 
prominence  action  takes  place  at  the  polar  regions  of  the  sun,  one 
effect  on  the  earth  is  that  we  experience  our  greatest  magnetic 
disturbances. 

Further,  according  to  Mr.  Ellis,*  "  unusual  magnetic  disturbance  is 
frequent  about  epochs  of  sim-spot  maximum,  and  nearly  or  quite 
absent  about  epochs  of  sun-spot  minimum." 

We  find  that  not  only  do  these  "  great "  disturbances  occur  at  the 
same  time  as  the  polar  prominences,  but  the  spectroscopic  observations 
of  sun-spots  show  that  they  take  place  not  only  "  about "  the  times  of 
spot  maximxxin,  as  stated  by  Mr.  EUis,  but  when  the  sun-spot  curve  is 
approaching  a  maximum  and  at  the  dates  of  the  widened  line  crossings,! 
when  the  curve  representing  the  "unknown"  lines  is  on  the  rise,  and 
crosses  the  **  known  "  line  which  is  descending.    At  the  other  epoch 
of  "  crossing  "  i  e    when  the  curve  showing  the  "  known  "  lines  is  ou 
the  rise  and  the'* ^unknown"  is  falling,  there  is  practically  no  magnetic 
disturbance  recorded.     Attention  is  again  drawn  to  these  crossmgs,  a« 
msturbance  ^ecor  ^.^^^  ^^^^  .^  .^  ^^^^  ^^  ^^^^^  particular  times  when 
11 18  ciesirea  to  temperature  that  these  disturbances  occur, 

the  sun  is  increasing  "^^        r 

.    jealing  with  the  curve  representing  this  varistion  for  tb< 
«ipe  not  the  same,  ^^V^}\^^  should  be  borne  in  mind. 
wliole  hems^here,  *^*  ^f^^  l^bat  the  epochs  of  minima  may   ^  practicaUy  con 

It  may  bxither      J\*  heffiiflpheres. 
^UXered  the  Mine  iot  Dom»     ^^ ,  ^^  ^^  p.  i48. 

• 'Monthly  J^^fjl.  67,  p.  412. 
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The  seeond  class  of  phenomena,  namely,  the  magnetic  disturbances, 
lich  are  moi^e  irregular  in  oocurrence,  has  been  classified  l>y  Mn 
lis  into  five  groups,  and  tabulated  by  him  under-  five  separate  snl)- 
jtds*  For  the  present  paper,  reference  will  only  be  made  to  one  of 
Ese  classes,  namely,  that  describod  as  **  great,"  this  group  represent^ 
the  largest  disturbances.  The  curve  representing  the  variation  in 
|ml>er  of  these  disturbances  indicates  short  intermittent  crests,  out- 
s,  in  fact,  with  rapid  rises  to  maxima  and  falls  to  minima,  and 
[iparatively  long  intervals  of  quiescencci. 


Inparisfm  of  th^  Cmim  represmUng  Pmminmce  Frmiimw^  and  Varvxivm 
nf  Diunuil  Ma^naik  B^^H^e^ 

Mr.  Ellis,  as  alrCc^idy  has  been  pointed  out,  has  indicated  the  close 
lemblance  between  the  sun-spot  ciu^ve  and  that  representing  the 
nation  of  the  magnetic  elements;  and  it  has  l>een  shown  in  the 
J-lier  part  of  this  paper^  that  the  curves  representing  the  percentage 
Iquency  of  prominences  near  the  solar  equator,  conform  in  the  main 
I  general  ami-spot  ciu-ve* 

rhci'c  is  therefore  ati  apparent  connection  between  pheii   lena  oc- 
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Compaman  of  tlie  Prominences  with  the  Magnetic  Disturbance  Curves, 

If  a  comparison  of  the  curve  representing  the  number  of  days  of  the 
^* great"  magnetic  disturbance  is  made  with  those  representing  pro- 
ntinence  frequency  (Plate  4),  it  will  be  seen  that  the  former  is  as  unlike 
the  curves  representing  the  prominence  frequency  about  the  solar 
equator  as  it  is  like  those  near  the  poles  ]  in  fact,  the  polar  prominence 
outbursts,  and  great  magnetic  disturbances  occur  almost  simul- 
taneously. 

The  peculiar  form  and  general  similarity  of  the  curves  can  be  best 
seen  from  the  accompanying  illustration  (fig.  1).  In  the  figure  com- 
parison is  made  between  the  epochs  of  the  crossing  of  the  known  and 
unknown  lines,  the  percentage  frequency  of  prominences  about  the 
solar  poles  and  Ellis'  *'  great "  magnetic  disturbances. 

Two  curves  representative  of  prominence  frequency  are  given,  one 
to  indicate  the  abrupt  nature  of  the  curves  representing  the  frequency 
in  a  zone  near  the  pole  10  degrees  in  width  (in  this  case  60** — 70** 
north),  and  the  second  to  illustrate  polar  action  as  a  whole ;  this  latter 
was  ol)tained  by  making  a  summation  of  prominence  frequency  for  the 
two  zones  60° — 90°  north  and  south. 

The  simultaneous  occurrence  of  the  maxima  suggests  that,  when  the 
prominence  action  t^akes  place  at  the  polar  regions  of  the  sun,  one 
effect  on  the  earth  is  that  we  experience  our  greatest  magnetic 
disturbances. 

Further,  according  to  Mr.  Ellis,*  "  unusual  magnetic  disturbance  is 
frequent  about  epochs  of  sim-spot  maximum,  and  nearly  or  quite 
absent  about  epochs  of  sun-spot  minimum." 

We  find  that  not  only  do  these  "  great "  disturbances  occur  at  the 
same  time  as  the  polar  prominences,  but  the  spectroscopic  observations 
of  sun-spots  show  that  they  take  place  not  only  "  about "  the  times  of 
spot  maximum,  as  stated  by  Mr.  Ellis,  but  when  the  sun-spot  curve  is 
approaching  a  maximum  and  at  the  dates  of  the  widened  line  crossings,! 
when  the  curve  representing  the  "  unkno>vn  "  lines  is  on  the  rise,  and 
crosses  the  "  known  "  line  which  is  descending.  At  the  other  epoch 
of  "  crossing,"  Lc,  when  the  curve  showing  the  "  known  "  lines  is  on 
the  rise  and  the  " unknown"  is  falling,  there  is  practically  no  magnetic 
disturbance  recorded.  Attention  is  again  drawn  to  these  crossings,  as 
it  is  desired  to  indicate  that  it  is  only  at  those  particular  times  when 
the  sun  is  increasing  his  temperature  that  these  disturbances  occur. 

are  not  the  same,  and  in  dealing  with  the  curve  representing  this  Tariation  for  the 
>vliole  hemisphere,  this  fact  should  be  borne  in  mind. 

It  may  further  be  noted  that  the  epochs  of  minima  may  be  practically  con- 
sidered the  same  for  both  hemispheres. 

*  '  Monthly  Notices  B.A.S.,*  vol.  60,  p.  148. 

t  '  Rot.  Soc.  Proc..'  vol.  67,  p.  412. 
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The  facts  in  this  paper  explain  why  it  is  that  magnetic  storms  some- 
times take  place  when  there  are  no  spots,  or  no  very  large  spots,  oa 
the  surface  of  the  sun.    Since  the  occurrence  of  magnetic  storms  i* 


shown  to  be  very  closely  connected  with  the  solar  prominences,  there 
may  be  prominences  and  magnetic  storms  when  there  are  no  spots. 
Prominences  may  also  sometimes  be  associated  with  large  spots,  and  as. 
the  latter  can  be  seen  while  the  former  can  not,  the  resulting  magnetic 
storm  is  generally  attributed  to  the  spots. 


Sola)*  Proifiiiu-fici^s  and  Terrestrial  Magnetism.    [Jan,  14, 

litlier,  the  magnitude  of  magnetic  is  tonus  appears  to  vary  accord- 

the  particiiJar  position  as  to  Lititiide  of  tbe  prominence  on  the 
I  disc.  The  nearei'  the  poles  (either  north  or  south)  the  prominence 
[s,  the  greater  the  magnetic  storm,  and  these  are  the  i^egions  where 
lots  exist, 

this  paper  wq  have  ^-^hown  tbait  the  varktions  of  the  general 
lietic  phenomeniij  us  given  hy  Ellis,  synchronise  with  the  occurrence 
Tomincnces  about  the  solar  cqiiiitor,  while  hia  **  great "  magnetic 
jrbances  ot^ur,  iji  point  of  time,  with  the  appearance  of  prominences 
le  polar  regions  of  the  sun. 

lofcssor  Eigelow  has  recently*  investigated  the  variations  jn  the 

Ion  tal  magnetic  force,  and  finds  that  the  curve  representing  these 

^es   exhibits   subsidiary  maxima   which  aynchronise   with   those 

eil  in  the  curve  representing  the  mean  variation  of  prominences 
dl  latitudes.  Thus,  to  use  his  own  words,  **  the  remarkable 
tironism  between   the  curves  cannot   escape   recognition,  except 

the  year  18D4,  whan  an  extra  minor  crest  is  developed  in  the 
Ion  tal  force." 

le  jjcconipanying  diagram  (fig.  2)  gives  Professor  Bigelow's  curve^ 
|h   represents,  iis  he  says,  ^*  the  series  of  minor  variations  which 
id  in  the  horii?f>ntal  magnetic  force  *  *  *  *  after  the  11 -year 
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is  of  some  importance  on  aeooiint  of  its  application  to  the  propa- 

of  electric  waves  along  the  surface  of  the  earth.    The  case  is 

a  Hertzian  oscillator  placed   oiitaide  a  perfectly  conducting 

Let  the  radiua  of  the  sphere  he  o^  and  let  the  oscillator  Ije  at 

oint  C,  whose  distance  OC  from  0  the  centre  of  the  sphere  is  r^ 

[irection  of  the  axis  of  the  oscillator  being  along  the  line  OC. 

(lines  of  magnetic  force  are  circles,  whose  centres  lie  on  OC,  and 

planes  are  perpendicular  to  OC*    If  y  denotes  the  magnetic  forc^ 

point  P  whose  distance  from  OC  is  p,  yp  satisfies  the  differential 

lion 

z  is  the  distance  of  the  point  P  from  some  plane  of  reference 
ndicular  to  OC,  and  2n-//f  is  the  w^ave-length  of  the  oacillations, 
^forming  to  polar  co-ordinates  (r,  ^),  where  r  =  OP  and  0  is  the 
I  COP,  this  equation  becomes 

'   |^(rp)+  ^'|^j7/>)+-Vp  =  0 (1). 

Ihich  /J-  —  cos  0.    The  general  solution  of  this  equation,  which  ia 
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Now 

p|  =  (l-;*^[r|-;.|]. 

(2n+l)P„  =  ^-?5'-. 

0/i  0/i 

making  these  substitutions  and  rearranging  the  series,  it  becomes 
^,  =  ri-»«"/*2r«(«-«FK„_j(.Kri)|r^r-»J„_j(«-) 

-(«--l)r-»J„_j(Kr)|-«(»+»)?Kn+,(i«-,)|r^-iJ„+.(icr) 
+  («+2)r-iJ„+,(Kr)}](l -M»)^. 


that  is 


where 


1  d/i 


(2). 


gn{n)  =  -Kri-»eW4{«<».i)jKH-i(4icri)  +  e<«+i)fKH+|(4ifri)}. 

If,  then,  a  solution  ^  of  equation  (1)  can  be  found,  which  is  such 

that  \p  becomes  infinite  as  ^i  at  the  point  (r,,  0)  and  2l  vanishes  when 

or 

r  =  a,  the  real  part  of  C^^**"^'  will  be  y,  the  required  magnetic  force, 

pi 
for  then  -~  (yp)  will  vanish  when  r  =  a,  that  is,  the  electric  force 

or 
tangential  to  the  sphere  vanishes.     The  solution  required  will  be  of 
the  form 

1  d/A 

where  ri  >  r  >  a,  and  the  constants  A»  are  determined  by  the  con- 
dition that  ^  =  0,  when  r  =  a ;  hence 


cV 


1 


g^{a»Kn+4(tica)} 


(1-/*^)^", 


where  ri>r>«. 
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le  calculation  of  the  electric  forces  at  a  point  not  on  the  surface  of 

I  sphere  presents  difficulties,  but   when  the  wave-length  is  small 

Ipared  with  the  radius  of  the  sphere,  the  electric  force  at  the  surface 

be  sphere  can  be  obtained  in  a  simple  form.     The  electric  force  at 

Buiiace  of  the  sphere  is  normal  to  the  surface,  and  denoting  it  by  F, 

C  ftA 
ie  tho  real  part  of  ^  —  when  r 


t^r=a 


.-ig-^<?„(n) 


Jn^i('ffO  " 


^  a.     Now 

m 


when  the  wave-length  ia  email  compared  with  «,  this  becomes 


BK 


d  -  r  a-i  d  1  di' 

{A 
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and  therefore 

CV  3  n,       „  «^     3    8mK(Eo-VO 


Ka2  9/.  L^      ^  Ko  3Ko  Ko 


J_  3  a«_    3    co8>c(Ro-VO-|-] 
+  K3rtR;3Ro  Ko  jj  ^^^• 

At  points  on  the  surface  of  the  sphere  for  which  Eo  is  great  com- 
pared with  the  wave-lengtii,  this  becomes,  retaining  only  the  most 
important  terms, 

F=  -CV^(l-!l^)(l-^3),i„,(R._vo, 
or 

*"=      (i-^)Fi  =  (1-co8x)Fi    (4), 

where  x  is  the  angle  subtended  by  OC,  and  Fi  is  the  electric  force 
along  the  normal,  which  would  be  due  to  the  oscillator  if  the  sphere  were 
absent.  From  this  it  follows  that  the  ratio  F/Fi  gradually  diminishes 
as  /I  decreases,  imtil  /a  approaches  the  value  -  1,  when  it  becomes  com- 
parable with  the  terms  which  have  been  neglected.  Hence,  when 
electric  waves  are  incident  on  a  perfectly  conducting  sphere,  there  is  no 
true  shadow  near  the  surface  when  the  wave-length  is  small  compared 
with  the  radius  of  the  sphere.  It  can,  therefore,  be  inferred  that,  when 
electric  waves  are  incident  on  a  perfectly  conducting  body  whose 
surface  is  convex,  and  has  its  radii  of  curvature  everywhere  great 
compared  with  the  wave-length,  there  is  no  true  shadow  near  to  the 
surface.  It  is  known  that,  when  electric  waves  of  small  wave-length 
are  incident  on  a  perfectly  conducting  wedge,  the  distiu-bance  does  not 
sensibly  creep  round  the  corner,  but  shoots  out  so  that  there  is  a  shadow 
which  coincides  the  more  closely  with  the  geometrical  shadow  as  the 
wave-length  diminishes.*  It  therefore  appears  that  the  condition  for 
the  formation  of  a  distinct  shadow  near  the  surface  of  a  perfectly 
conducting  body,  whose  surface  is  convex,  when  electric  waves  are 
incident  on  it,  is  that  there  should  be  a  line  on  that  part  of  the  surface 
inside  the  geometrical  shadow  along  which  the  radius  of  curvature  of 
the  surface  in  the  plane  of  incidence  of  the  waves  is  small  compared 
with  the  wave-length. 

3.  The  electric  force  normal  to  the  surface  of  a  sphere,  which  is  a 
fairly  good  conductor,  may  be  obtained  by  an  analysis  similar  to  that 
given  above.     The  result  is 

1  a^      1  i-i€  ar      1  a    -i 

*  Sommerfeld,  *  Math.  Annalen,'  toI.  47, 1896;  op  Macdonald,  *  Electric  Waves,' 
1902,  p.  187. 
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bre  «  =  (Tw/'tTrV,  and  yip  is  the  real  part  of  /(?),  and  cr  is  the  specific 

Istance  of  the  material  of  the  sphere,  the  other  symbols  having  the 

le  meaning  as  before  *  it  Ijcing  usiaiimed  that  €,  which  for  ordinary 

FiUie  eonduetors  is  of  the  order  10"''  when  the  wave-length  is  about 

)  is  snialL     If  F'  now  denotes  the  electric  force  normal  to  the 

Ifacc^  F  differs  in  phase  from  F  (the  electric  force  normal  to  the 

[face  when  the  sphere  is  a  perfect  conductor)  by  a  Bmall  amount, 

the  ratio  of  the  amplitude  of  F'  to  F  is  1  -  ^t-.     The  efTect  of 

erfect  conduction  is  therefore  to  dimituab  the  electric  force  normal 

the  aiu^aec,  but  only  by  an  inappreciable  amount  when  the  obstacle 

s  good  a  conductor  as  an  ordinary  metal ;  for  sea  water,  taking 

10^^  the  correction  is  less  than  one  part  in  a  thousand* 

The  effect  of  a  rigid  spherical  obstacle  on  the  waves  of  sound 

',  out  from  a  source,  when  the  wave-length  is  small  compared  wnth 

radius  of   the  sphere,  can  be  obtEiined  by  an  analysis  which    s 

tost  identical  with  that  giveri  above.     The  result  is  that  at  any 

nt  on  the  sphere  at  a  distance  from  the  source  great  compared  with 

wave-length, 


<^  =  <^.(l--^)  =  *i(l-c«x). 


is  the  velocity  potential  at  the  point  due  to  the  source,  and 
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convenient  for  purposes  of  comparison  to  substitute  for  Fi  in  terms  of 
another  quantity ;  let  Fa  denote  the  electric  force  due  to  the  oscillator 
at  a  point  in  its  equatorial  plane  at  a  distance  aO  from  the  oscillator, 
which  is  the  same  as  the  arcual  distance  of  the  receiver ;  then 


P2 


^  cos^  1^(1- sin  ^^) 
2sini^ 


=  ^\ 


where  F  is  the  amplitude  of  F,  and  F2  the  amplitude  of  F2 ;  the  ratio 
of  the  intensities  in  the  two  cases  is  k^.  The  following  table  shows 
the  manner  of  variation  of  the  amplitudes  and  the  intensity  Q:^)  near 
the  sphere  as  0  increases  from  20°  to  120° : — 


25° 

30^ 
85° 

40° 

46° 

50° 

55° 

60° 

65° 

70° 

75° 

80° 

85° 

90° 

95° 

100° 

105*» 

110° 

115° 

120° 


l-sin^ 
2 

'■ 

^ 

0  826S5 

0-80551 

0-64886 

0-78366 

0  •78667 

0  -64121 

0-74118 

0-69949 

0*48929 

0*69929 

0-64646 

0*41661 

0-65797 

0-69297 

0-86162 

0  -61731 

0  -64070 

0  -29286 

0-57738 

0*48964 

0-28976 

0  -53825 

0-44019 

0*19877 

0-6 

0-89269 

0  16421 

0-46270 

0-84745 

0-12072 

0-42642 

0-80473 

0*09286 

0-89127 

0-26477 

0*07010 

0-35721 

0-22766 

0  05183 

0-32440 

0  -19343 

0  03741 

0  -29289 

0-16266 

0*02645 

0 -26272 

0-13483 

0*01818 

0-23395 

0  11011 

0  01212 

0*20664 

0*08844 

0-00782 

0-18084 

0  -06972 

0-00486 

0-15660 

0  -05370 

0  00289 

0  13397 

0-04050 

0-00164 

For  example,  when  6  =  Jtt,  that  is  for  the  case  of  the  earth  at  a 
distance  of  rather  more  than  3000  miles,  the  amplitude  of  the  electric 
force  acting  on  the  receiver  is  more  than  half  the  amplitude  of  the 
electric  force  that  would  be  directly  due  to  the  oscillator  at  that 
distance,  and  the  intensity  nearly  three-tenths.  These  resiJts  will 
apply  when  the  two  places  are  separated  by  good  conducting  material 
such  as  sea  water,  the  effect  of  the  imperfect  conduction  of  such 
substances  being  by  §  3  negligible.  They  explain  why  wireless 
telegraphy  is  more  effective  over  the  sea  or  wet  soil  than  over  dry 
soil ;  from  §  3  it  follows  that  a  badly-conducting  obstacle  diminishes 
the  effect.     It  is  also  to  be  expected  from  §  2  that  Wi^  \tv^\vkvv^^  <^V  ^ 
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hge  of  some  abarpneas  between  the  places  is  to  create  a  distinct 
Eidow,  to  such  an  extent  that  the  effect  would  be  inappreeiable ;  the 
liie  result  would  be  produced   by   an  ititerv^ening  headland;    this 
I  re  us  with  the  experience  of  Captain  Jackson.''^ 


Studies  iji  the  Morphology  of  S  pore -producing  Mem  l>ers.^No.  V, 
Oeiiei-al  Comparisons,  and  C<inclusion/'  By  F.  O.  Bower, 
8c.D.,  F,E.S.,  Kegius  Professor  of  Botany  in  the  University  of 
Glasgow.     Heceived  Januarj^  30,^ Read  February  12,  1903, 

(Abstract) 

jTbis  concluding  Memoir  conUuns  a  general  diBeuseion  of  the  i-esulta 

Iquired  in  the  four  prenous  parts  of  this  series,  and  of  their  bearing 

u  theory  of  sterilisation  in  the  sporophyte.     The  attempt  is  made 

l>uild   up   the   comparative   morphology   of   the  spomphyte   from 

llow,   by   the   study  of   its   simpler   types ;    the   higher   and   more 

ecialiaed  types  are  left  out  of  accoiuit,  except  for  occasional  cora- 

K     It  is  assumed  for  the  purposes  of  the  discussion  that  alter- 
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but  varies  both  in  occurrence  and  origin;  that  even  the  individuality 
of  the  sporangium  is  not  always  maintained.  All  that  remains  then 
as  the  fundamental  conception  of  the  sporangium  in  vascular  plants 
is  the  spore-mother-cell,  or  cells,  and  the  tissue  which  covers  them  in, 
for  such  cells  are  always  produced  internally.  The  definition  of  the 
sporangium  may  then  be  given  thus :  "  }Fherever  toe  find  m  vascuUw 
plaids  a  single  spoie-motlier'Celly  or  connected  group  of  them^  or  iheir  products^ 
this  with  its  protective  tissues  constitutes  the  essential  of  an  individiuil  spor- 
anz/ium"  From  the  point  of  view  of  a  theory  of  sterilisation  such 
sporangia  may,  at  least  in  the  simplest  cases,  be  regarded  as  islands 
of  fertile  tissue  which  have  retained  their  spore-producing  character, 
while  the  surrounding  tissues  have  been  diverted  to  other  uses.  It 
will  be  seen  later  how  far  this  view  will  have  to  be  modified  in  the 
more  complex  cases. 

In  a  second  section  of  the  Memoir  the  variations  in  number  of 
sporangia  in  vascular  plants  are  discussed ;  the  methods  of  variation 
may  be  tabulated  as  follows,  under  the  heads  of  progressive  increase 
and  decrease : — 

I. — Increase  in  Number  of  Sporangia, 

(a.)  By  septation,  with  or  without  rounding  off  of  the  individual 

sporangia. 
(If,)  By  formation  of  new  sporangia,  or  of  new  spore-bearing  organs, 

which  may  be  in  addition  to,  or  interpolated  between  those 

typically  present, 
(c.)  By  continued  apical,  or  intercalary  growth  of  the  parts  bearing 

the  sporangia. 
(d.)  By  branching  of  the  parts  bearing  the  sporangia. 
(e.)  Indirectly,  by  branchings  in  the  non-sporangial  region  resulting 

in  an  increased  number  of  sporangial  shoots ;  this  is  closely 
.  related  to  (c)  and  (d). 

II. — Decrease  in  Number  of  Sporangia, 

(/.)  By  fusion  of  sporangia  originally  separate. 

(fj.)  By  abortion,  partial  or  complete,  of  sporangia. 

(h.)  By  reduction  or  arrest  of   apical  or  intercalary  growth  in 

parts  bearing  sporangia. 
(i.)  By  fusion  of  parts  which  bear  the  sporangia  or  arrest  of  their 

branchings. 
( /.)  Indirectly,  by  suppression  of  branchings  in  the  non-sporangial 

region,  resulting  in  decreased  number  of  sporangial  shoots ; 

this  is  closely  related  to  (h)  and  (*). 

We  are  justified  in  assuming  that   (subject  to  the  possibility  of 
other  factors  having  been  operative  of  which  we  are  yet,  Mxsa.-^^^'^ 


fO 
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le  condition  of   any  pol}^spoi'au|;iate   Bporophytu   ns   we   see   it  m 

le  resultant  of    mcrtUfications  such   as  theses,  operative  during  its 

Went, 

I  The  jiroMem  will,  thcrcfoi-e,  l>e  in  each  case  to  assign  its  proper 

lice  in  the  history  to  any  or  each  of  these  factors. 

Ft  is  pointed  ont  that  in  bomosporons  tyijes,  which  are  certainly 
le  more  primitive,  the  larger  the  numher  of  spores  the  lietter  the 
lance  of  survival,  and  heneci  other  things  being  equal,  increasing 
lni1>ers  of  spores  and  of  sporangia  may  bo  anticipated ;  but  in  the 
Iterosiiorom  types  rednction  in  nun^hcr  l>oth  of  spores  and  of 
prangia  is  frequent.  The  former  will  accordingly  illustrate  more 
jthfnlly  than  the  hetero^porotis  forms  the  story  of  the  increase  of 
Implexi  ty  of  Bpore-prt»ducnig  pa  its.  The  general  method  put  in 
lactice  here  is  to  regard  honiosporoits  forms  as  in  the  npgrade  ol 
leir  evolution,  as  regards  their  spore-producing  organs,  unless  there 
1  clear  evidence  to  the  contrary*  The  onus  prahtnuii  lies  rather 
Ith  those  who  assume  reduction  to  have  taken  place  in  them. 
I A  suniniary  of  evidence  of  Miriation  in  number  of  s|>onnigia  by  any 

the??e   methods   is   then  given   for  ^ the   Lj^copoflineas   Psilotaceae, 
Jheiiophyllete,  (>i)hiogloB8aceie,  Kqniaetiueiy,  and  Filicinoie ;  followed 

each   case   by  a  theoretical   tliscnssion   of    the  l>earing  of   that 
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the  decentralisjition  of  the  fertile  tissue  in  the  primitive  Pteridophytes 
as  in  the  Bryophytes,  and  result  in  the  formation  of  a  central  sterile 
tract,  ^vith  an  archesponum  at  its  periphery;  that  such  an  archesporium, 
instead  of  remaining  a  concrete  layer  as  it  is  in  the  larger  Musci, 
became  discrete  in  the  Lycopods ;  that  the  fertile  cell-groups  formed 
the  centres  of  projecting  sporangia,  and  that  they  were  associated 
regularly  with  outgrowths,  perhaps  of  correlative  vegetative  origin, 
which  are  the  sporophylls. 

Whether  or  not  this  hypothesis  of  the  origin  of  a  Lycopod  strobilus 
approaches  the  actual  truth,  comparison  points  out  the  genus  Lyco- 
podium  as  a  primitive  one,  characterised  by  more  definite  numerical 
and  topographical  relation  of  the  sporangia  to  the  sporophylls  than  in 
any  other  type  of  Pteridophyta. 

Then  follows,  as  a  consequence  of  comparison,  the  enimciation  of  a 
theory  of  the  sporangiophore,  a  word  which  is  here  used  in  an  ex- 
tended sense  to  include  not  only  the  spore-producing  organs  of 
Psilotaceae,  Sphenophylleie,  Ophioglossaceae,  Equisetacese,  but  also  the 
sori  of  Ferns.  The  view  is  upheld  that  all  these  are  simply  placental 
growths,  and  not  the  result  of  ''metamorphosis"  of  any  parts  or 
appendages  of  prior  existence  ;  that  the  vascular  supply,  which  is  not 
always  present,  is  not  an  essential  feature ;  that  they  are  seated  at 
points  where  in  the  ancestry  spore-production  has  been  proceeding  on 
an  advancing  scale ;  hence  they  do  not  occupy  any  fixed  and  definite 
position.  It  seems  probable  that  at  least  a  plurality  of  sporangia 
existed  on  primitive  sporangiophores,  and  that  where  only  one  exists 
that  condition  has  been  the  result  of  reduction. 

The  al)ove  theories  are  then  applied  to  the  several  types  of  Pterido- 
phyta. The  Lycopods,  Psilotaceae,  Sphenophylleae,  and  Ophioglossacea^ 
may  be  arranged  as  illustrating  the  increased  complexity  of  the  spore- 
producing  parts,  and  of  the  subtending  sporophylls;  the  factors  of 
the  advance  from  the  simple  sporangium  to  the  more  complex  spor- 
angiophore are,  septation,  upgrowth  of  the  placenta  with  vascular 
supply  into  it,  and  branching,  with  apical  growth  also  in  the  Ophio- 
glossacese.  But  even  in  the  most  complex  forms  the  sporangiophore 
may  be  regarded  as  a  placental  growth,  and  not  the  result  of  transfor- 
mation of  any  other  member. 

In  the  case  of  Helminthostadif/s  the  marginal  sporangiophores  are 
regarded  as  amplifications  from  the  sunken  sporangia  of  the  Ojphio- 
glossum  type ;  in  Efjuisetum  they  are  regarded  as  being  directly  seated 
on  the  axis,  and  having  originated  there  by  a  similar  progression : 
they  would  thus  be  non-foliar.  It  is  pointed  out  that  though  a  foliar 
theory  would  be  possible  for  Eqiiisetum  itself,  it  is  not  applicable  to 
the  facts  known  for  the  fossil  Calamariese,  which  are  so  naturally 
related  to  it.  Thus  the  strobilus  of  the  Equisetinese  is  of  a  rather 
different  type  from  that  of  the  Lycopods,  Psilotace^.^  ov  cs^w  \}cvvs^ 
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IliiogloBsaceEe,  iii  all  of  which  there  is  a  eoiiBtant  TeJation  of  the 
1  re-producing  parts  to  the  leaves  ;  in  the  Equisetinem  no  audi  con- 
lut  relation  exists  ;  the  leaves  and  aporangiophore^  may  be  in  juxta- 
lition,  as  in  Caiamos^tachi/s,  without  exactly  matching  mimerically ; 
I  the  eporangiophorea  may  occur  in  larger  numbers  and  in  several 
jiks,  between  auceeseivc  leaf-sheaths,  aa  in  PhifUoth^ra  and  lU/mki ; 
without  any  lefvves  at  all,  as  in  EqttuetunK  Thus,  on  a  non- 
k'Uome  theory  the  latter  may  be  heUl  to  he  only  an  extreme  c^ise  of 
is  seen  in  certain  fossils, 
^le  Ferns,  notwithstantling  their  apparent  divergence  of  character 
other  Pteridophytcs,  may  also  be  regarde*!  as  strobiloid  forms, 
bh  greatly  enlarged  leaves ;  the  primitive  sori  of  the  Simplices 
(emble  the  sporangiophores  of  other  Pteridophytes ;  the  more  com- 
cated  9 oral  conditions  of  the  Gradataa  and  Mixta?  were  proljably 
Hvative  from  these,  the  chief  difference  being  due  to  the  interpolation 
Inew  sporangia,  an  innovation  which  is  in  accordance  with  biological 
l>bability,  as  well  as  with  the  palieontological  record. 
The  effect  of  the  results  thus  ol stained  on  the  systematic  grouping 
Pteridophytes  is  then  fliscuased ;  it  is  pointed  out  that  the 
Jcopotls,  P&ilotaceiBj  Sphenophyllese,  Ophiogloaaaceae,  and  Filices 
;rate  lines  of  ehiboratioo  of  a  radial  strobiloid  type,  with  increas- 
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the  gametophyte  of  the  Psilotacete  and  Sphenophylleae  are  not  avail' 
able  in  this  comparison. 

It  is  not  obvious  what  the  meaning  is  of  this  parallelism  between 
leaf-size  and  characters  of  the  sexual  organs;  a  further  difficulty 
in  its  interpretation  lies  in  the  fact  that  for  the  Equiseta  the  parallel- 
ism does  not  hold ;  there  "  Filicinean  "  characters  of  the  gametophyte 
accompany  entirely  non-Filicinean  characters  of  the  sporophyte,  the 
latter  showing  nearer  analogy  to  the  Lycopods  than  to  the  Ferns. 
Such  cross  characters  are  difficult  to  harmonise  with  any  phylogenetic 
theory ;  on  account  of  them,  the  Equisetineae  are  placed  in  an  isolated 
position,  and  in  the  same  way,  though  with  less  pressing  grounds,  a 
separate  position  should  be  accorded  to  those  types  which  lie  between 
the  extremes  of  Lycopods  and  Ferns,  in  proportion  as  the  characters 
are  more  or  less  pronounced. 

On  this  basis  the  Isoetaceae  would  probably  best  take  their  place  as 
a  sub-series  of  the  Lycopodiales,  Ligulatae  ;  the  Psilotacese  and  Spheno- 
phyllete  would  constitute  a  series  of  Sphenophyllales,  separate  from, 
Imt  related  to,  the  Lycopodiales.  The  Ophioglossaceffl  would  form  an 
independent  series  of  Ophioglossales,  more  aloof  than  the  latter  from 
the  Lycopodiales,  but  not  included  in  the  Filicales.  The  actual  con- 
nection of  these  series  by  descent  must  remain  open;  it  is  quite 
possible  that  some  or  all  of  them  may  have  originated  along  distinct 
lines  from  a  general  primitive  group,  which  may  be  provisionally 
designated  the  Protopteridophyta ;  these  were  probably  small-leaved 
strobiloid  forms,  ^nth  radial  type  of  construction,  and  with  the 
sporangia  disposed  on  some  simple  plan.  The  grouping  arrived  at  in 
these  Memoirs  may  be  tabiJated  as  follows  : — 

PTERIDOPHYTA. 

I.  Lycopodiales. 

(«)  Eligulatap. 

Lycopodiaceae. 

{b)  Ligulatae. 

Selaginellaccse. 
Lepidodendracese 
Sigillariaceje. 
Isoetacew. 

IL  Spexophyli^les. 

Psilotaceae. 
Sphenophyllacese . 

III.  Ophioglossales. 

Ophioglossacew. 
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IV.   FlLlCALEH, 

(it)  Simplices. 

MarHtthicea\  ' 

Schizaeiicca', 

MatoniTieit*. 

Hymenophyllacete, 
Cyatheaceifi. 
Dicksoiiieee. 
Dcnnatiiedtiitia?, 
Hydropterideffi  (t). 

(a)  Mixta^. 

Davallicte, 

Ijiiidsayea*, 

PterideiK,  aud  other  Polypmliacea?, 

?>jiusetacea\ 
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but  with  regard  to  isolated  nerves  contradictory  statements  have  been 
made,  and  it  was  to  ascertain  if  possible  the  reason  of  this  discrepancy 
that  the  present  research  was  undertaken. 

Methods, 

The  following  method  was  employed  in  all  the  experiments  here 
quoted.  The  animal  was  killed  by  decapitation,  and  the  body  left 
undisturbed  for  30 — 45  minutes.  The  nerves  were  then  dissected  out, 
placed  in  a  1*05  per  cent.  NaCl  solution  at  about  30"*  C,  and  kept  at 
this  temperature  for  about  half-an-hoiu*  or  more.  They  were  then 
Allowed  to  cool  to  room  temperature  (17 — 19**  C),  and  it  was  found 
that,  as  a  rule,  the  negative  variation  of  nerves  so  treated  was  of  the 
order  of  1  millivolt  {vide  infra).  This,  of  course,  is  not  an  absolute 
value  of  the  true  P.D.  between  active  and  inactive  parts  of  nerve,  but 
only  a  fraction  of  it,  depending  upon  the  amount  of  internal  derivation 
in  a  nerve  trimk  by  indifferent  conducting  tissue. 

From  about  2  to  6  hours  jMsi-mortem  this  value  remains  at  a  fairly 
constant  amount,  for  instance,  in  Experiment  B**,  the  sciatic  of  the 
rabbit  was  used  5  h.  30  m.  post-mmiem^  and  gave  a  negative  variation 
of  0*00083  volt ;  in  Experiment  A*',  2  h.  40  m.  poHt-nwrtem  the  value 
was  0*00076  volt,  and  these  are  typical  instances.  The  table  on  p.  277 
^ves  the  result  of  twenty-two  experiments,  in  which  the  values  were 
taken  for  heat  determination,  which  illustrates  this. 

Certain  points  may  be  here  noted.  The  practice  of  placing  nerves 
in  salt  solution  for  some  time  before  use  has  been  employed  by  Waller,* 
Gotchjt  and  Boycott,  J  in  the  case  of  the  frog.§ 

The  effect  of  changes  in  the  composition  of  the  salt  solution  is  the 
subject  of  another  research  which  I  hope  to  publish  at  a  future  time ; 
however,  I  may  here  state  that  small  differences  in  the  concentration 
of  the  solution — e.g.,  ±0*1  per  cent.  NaCl — make  no  apparent  differ- 
ence in  the  condition  of  the  nerve,  and  the  same  is  true  in  the  main 
of  small  differences  in  the  reaction,  and  of  small  differences  of  tem- 
perature. 

Wallerli  has  pointed  out  that  the  presence  of  lactose  in  the  solution 
is  of  advantage,  and  taking  a  greater  value  of  the  negative  variation 
for  a  sign  of  greater  irritability,  the  same  appears  to  be  true  in  mam- 
malian nerve  for  maltose  and  glucose,  though  I  make  the  statement  at 
present  with  some  reserve. 

For  instance : — Experiments  B'*^  and  B***. 

*  Waller,  *  Brain,*  vol.  78,  1896,  p.  43,  et  seq. 

t  Gotoh,  *  J.  Physiol.,*  toI.  28,  p.  32, 

X  Boycott,  loc.  cit. 

§  See  also  Gt>tch  and  Horsley,  loc.  cit,    Macdonald  and  Rcid,  loc,  cit, 

]j  Waller,  loc,  cit,  (Lectures),  p.  73. 
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Young  Rabbit 
Nerves  kept  for  3^  circa  posi-tftmiem. 


Ex  peri - 
Iment  No. 


Temp,  of 
nerre. 


TqIU  of 

*t  eicit* 
100. 


Ytjlt*  of 
jieg,  TUP. 


Xote>- 


SCPC, 


o^oooas 


B='' 


3CrC-  O^00t>23 


0-00023 


1  -OS    p.    c,    HitCl    + 
0  'S  p.  c.  mnltoae. 


'r05».  0.  NoClonlf, 
0-00016      !  L.  t»cialic. 


Jie  two  nerves?  of  ijpposito  sides  are  here  compared,  and  the  com- 
Irison  ib  in  favour  of  the  H.  sciatic  which  had  beeu  treated  i\'ith 
altose*  No  account  is  here  puesible  of  the  precautions  used  tt> 
Iclude  fallacy,  but  many  further  oxperimeuts  support  the  one  quoted. 
Id  it  is  at  least  very  probable  that  the  nmltoae  is  the  active  variant. 
I  The  method  employed  for  detemiining  the  negatrvo  variation  and 
action  of  anicathetics  was  in  aSl  cases  that  of  AVi*iler.     An  addi- 
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The  question  of  temperature  will  be  considered  later.  Assuming 
for  the  present  purpose  that  the  conditions  of  experiment  were  equally 
favoiu^able  throughout,  and  taking  the  sciatic  nerve  as  a  standard, 
different  animals  gave  the  following  values : — 


MilliTolU. 

Maximum 
obserred. 

Mean. 

Rabbit 

11 
0-66 
105 
1-2 

0*69 
0-60 
0-42 
0-89 

Mean  of  11  experiments. 
»»         5          „ 
)»         5          „ 

»i         -^          »» 

Kitten 

Pigeon 

Guinea-pig 

All  these  are  very  much  less  than  the  frog,  which  gives  2  millivolts  or 
more. 

Different  nerves  in  the  same  animal  often  show  individual  inequali- 
ties, but  as  a  rule  the  larger  ner\'es  give  a  smaller  negative  variation 
than  those  of  less  diameter.  The  sciatic  gives  commonly  the  least, 
but  is  the  most  resistant  to  adverse  influences.  The  median  and 
ulnar  nerves  are  more  delicate,  but  give  larger  variation  under  favour- 
able circumstances,  ejj.,  the  median  nerves  of  the  pigeon  gave  a  mean 
vjilue  of  0*54  millivolt  (five  experiments)  as  against  0*42  for  the 
sciatic.  The  greatest  value  I  have  yet  measured  was  in  a  branch  of 
the  anterior  cnu'al  of  the  rabbit,  which  on  the  right  side  gave  2*5  milli- 
volts and  on  the  left  2'3. 

Boruttau*  found  the  vagus  in  the  rabbit  to  give  a  larger  negative 
variation  than  the  sciatic,  and  obtained  only  very  small  responses  from 
the  nerves  of  hens,  ducks,  or  pigeons.. 

The  larger  number  of  fibres  not  in  contact  with  the  longitudinal 
electrode  would  appear  to  act  as  a  deriving  circuit  of  less  resistance  in 
the  larger  nerves,  and  so  less  current  passes  through  the  galvano- 
meter, and  the  greater  amount  of  connective  tissue  in  the  sciatic 
would  have  the  same  effect.  It  is  possible  that  there  are  other  causes 
in  addition  to  these ;  there  is  at  present  no  evidence  for  or  against 
such  a  possibility. 

Similar  reasons  probably  also  explain  why  a  stronger  stimulus  is 
necessary  for  the  warm-blooded  nerves  than  for  the  frog.  The 
( lifference  is,  however,  not  very  great.  The  minimal  effective  excita- 
tion I  have  so  far  observed  is  6  units  of  the  "  Berne  "  coil,  500  units  is 
commonly  a  maximum,  1000  nearly  always  so.     The  smaller  electrical 

•  Boruttau  («),  loc.  cif. 
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pittance  of  the  mamnialian  nervo  hotweeii  the  ex ei ting  electrode*^ 
linst  l>e  home  in  mind  in  these  comparisons, 

(iotcli*  has  recently  etaterl  that  in  deternuning  the  Biib-maxiniul 

0sp<jnae  of  frog's  nerve ,  the  excitation  of  a  smaller  numlier  of  fibres  is 

far  more  potent  cause  than  the  varying  respouHe  of  each  fihre,  and  it 

eenia  very  prohable  that  the  higher  threshold  and  wide   range  of 

Ixcitation  in  mammalian  nerves  is  due  to  the  failure  of  the  exciting 

lurrent  to  reach  the  more  distant  fibres,  protected  as  they  are  by  inter- 

lening  fibrea  and  connectire  tissue,  and  not  to  any  essential  difference 

the  nerves. 

The  negative  variation  commonly  persists  without  great  alte radon 
Inder  ordiiury  conditions  for  at  least  4-^  hours  poai^mmfem.  The 
Dngest  time  I  have  seen  was  in  Experimont  C*'  (internal  popliteal  of 
hedgehog,  28  hours  ^ws^-j^if/rfcjn) ;  the  right  and  left  median  nerves 
kitten  in  Experimonte  C**  and  C'  gave  a  small  and  rapidly 
liminishing  response  19  hours  post- ftio^i^^uL 

The  earlier  observers  (Valentin,  Frederieq,  Hermann)  have  stated 
Ihat  they  have  foiuid  the  negative  variation  to  persist  for  days,  and  to 
last  longer  than  in  frog's  nerve,  I  am  unal>le  to  confirm  this ;  oven 
In  the  hedgehog  the  nerves  arc  much  more  short-lived  than  in  the 
under  similar  conditions,  and   the  phenomena  referred  to  wcie 
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Aciiott  of  An(estlieties. 

The  following  is  the  summary  of  the  observations  made  on  this- 
subject : — 

Chloroform. 


Experi- 
ment  and 
plate  No. 

Negat. 

Tar. 
before. 

Daring 

cnoi> 

After. 

Notes.                 ! 

204 

itAro^ol*- 
0*48 

0-42  to  0 
3  min. 

0        to  0-42 

Kitten.    Scifttio.    Temp.  | 
of  nerre  obamber,  82^.  j 
Comp]0te  abolition  and  j 

207 

0-38 

0  -38  to  0 
5  min. 

0        to  0*22 

Eittenl'^Soiatio.    Temp. 
-8(fO.  After  CHCI, 
a    pontire    rariation 
appeared,       changing 
again   to   a   negatire. 
Vikir  reoorenr. 

A»i08 

0-06 

0-70  to  0-40 
8  min. 

0-21  to  0-18 

BabUt.   L.aeiatic.    6h. 
jioel-MerlMi.     Temp. 
—  2Xf.    Ghradoal  pro- 
greetiTediminntionand 
no  reooTenr.    FIO,  8. 

Kitten.        L.     median. 

C^'  424 

0-4C 

0-46  to  0-16 

0-18  to  0-86 

i        4  min. 

! 

Temp.  -  82*.    CHCI, 
dilute  at  iint,  etronger 
after  ilrtt  minute. 

IJ«417 

0-47 

1  0-6    to  0-1 
{        5  min. 

i 

0-21  to  0-40 

Pigeon.   B.  median.  3h. 
po9i  •  tmartem.     Temp. 
87*.    Beoofeiy. 

Ether. 

Daring  ether. 

201 

0-40 

0-25  to  0 
3  min. 

0  to  0-28 

Kitten.          B.      aeiatic. 
Temp.  84*.   87m.J>of^ 
ntarUm,         Imperfect 

203 

0-G6 

0*26  to  0 
3  min. 

0  to  0-46 

reooTery. 
Kitten.    L.  aoiatic.   4  h. 

poH- mortem.     Temp. 

-  28*.    BeooTerj. 
Babbit.    Xxt.    popliteal. 

BMI3 

0  '54 

0-22  to  0 

0  to  0  -54 

3  WIlTi- 

2  h.  80  m.  pont-mortem. 
Temp.  -  80P.         Be- 
oofery.    FIQ,  2. 

1 

j 

0  -83 

—  to  0 
2  min. 

0  to  0  -61 

1 

1 

Pigeon.    2  h.  80  m.  poaf-  • 
mortem.    Temp.  »  39^  ! 
C.     L.  sciatic.      Be- 
cofery. 

^^H 

l_^_^_^^^^^^^^^^^^^^^^^^S  ^ 

■ 

JIII^I^^^Eh 
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Fig.  2. — Hobhit,     Smuts  ticni?  a»  fi^.  1.     Ethcf  rapour.     Exp.  B* 
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Fio.  4.— Babbit.     B.  sciatic.    CO..     Exp.  A'. 
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Fio.  5.— Babbit.    B.  sciatic.    Tetaniution  for  5  m.    Exp.  A*. 
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£xp«ri- 

plate  No. 

202 

before 

ill  0-001 

If  eg,  r«r, 

duriiig 

CO-: 

ir«?fr-  Tar, 
after. 

Noten* 

0-69 

0-1 

0"8,0'ee,0'53 

KiLtf?ii.    L,  scuttcN    3  b» 

8  mill* 

pojt/  -  morhnu  Temp. 
^  80^,  Priiutt?y  dimi' 
nution  and  Heoond&ry 
nugmentation. 

A^4m 

0-39 

0-29  lo  D-15 
4ttiiii. 

0-16  ta  0*61 

Eabbit.      R.  noktic.  3  k 

Tomp,  22°  0.  Am  20% 
Mihrked  »ecot3dftr7  nag- 
mentation-     FIO.  4. 

AJ40& 

0^70 

0  '56  tQ  0  "3 
5  mia. 

0-35  to  0-97 

Babbit-.  L.  sciatic?,  1  It. 
10  m.  I'oxf  *  iflorfffM. 
As  406, 

B"»41S 

oas 

0*0, 0*42,0 '23 
ti  min. 

0-64  tt>  0*38 

Pigeon.  L.  «otatie.  3  L« 
poft '  m^lem.      Temp. 

-arc. 

TetJ 

anisatioiu 
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c»bserved  in  the  bird  (Experiment  B')  and  not  in  the  mammal.  In 
the  case  of  CO2  this  increase  is  seen  in  all  the  warm-blooded  nerves  ; 
primary  and  secondary  augmentation  are  shown  in  Exp.  B*°  from 
the  pigeon,  and  the  latter,  in  fig.  4,  from  the  ra]>bit. 

I  do  not  here  enter  upon  any  discussion  of  the  actual  mechanism  of 
this  increase,  it  may  be  due  to  either  of  two  causes — increase  of 
E.M.F.  or  increased  duration  of  electromotive  change.  The  latter 
explanation  has  been  suggested  by  Gotch  as  being  the  true  one. 

The  effect  of  tetanisation  (fig.  5)  has  not  been  marked.  Three 
experiments  proved  negative,  and  two  gave  a  slight  increase,  so  that 
this  question  is  still  undecided. 

It  appears,  therefore,  certain  that  neither  in  the  voltage  of  the 
negative  variation,  in  the  strength  of  excitation,  or  in  the  action  of 
anaesthetics  is  there  any  marked  difference  between  the  warm-blooded 
and  amphibian  nerves,  and  that  all  the  facts  ascertained  for  the  latter 
under  these  heads  can  be  applied  en  bloc  to  the  former. 

Temperature  of  Exlinctian  by  Heat, 

Three  series  of  experiments  on  frogs,  mammals,  and  birds  were 
tuidertaken  to  ivscertain  the  precise  point  at  which  the  negative  varia- 
tion was  abolished  by  heat. 

MctlmL — The  nerve  chamber  was  kept  at  a  constant  temperature 
throughout,  ^.//.,  30  C.  The  nerve  itself  was  placed  on  the  electrodes, 
and  when  it  had  reached  the  temperature  of  the  chamber,  the  value  of 
0001  volt  was  determined  on  the  galvanometer  scale,  and  then  the 
values  of  the  first  six  negative  variations.  The  nerve  was  then 
removed,  placed  in  105  per  cent.  NaCl  solution  (containing  Ca 
salts,  &c.)  at  the  desired  high  temperature  {e,g.,  49"  C),  left  for  exactly 
5  minutes,  placed  in  cool  (18**  C.)  salt  solution  for  7  minutes.  A 
fresh  transverse  section  was  made,  the  nerve  was  replaced  on  the 
electrodes,  and  the  value  of  O'OOl  volt  and  the  second  set  of  six  nega- 
tive variations  determined. 

This  method  fulfils  several  desiderata, 

(1.)  It  is  possible  to  keep  the  beaker  of  hot  saline  solution  at  any 
given  temperature  with  an  error  of  less  than  ±  0*1  **  C. 

A  standardised  thermometer  was  placed  in  the  bath  close  to  the 
nerve,  and  with  5  minutes  immersion  all  parts  of  the  neTve  reach  the 
temperature  of  the  solution. 

(2.)  Any  alteration  in  the  resistance  of  the  nerve  is  readily  detected 
by  means  of  the  standard  deflection  with  0*001  volt,  and  as  both 
readings  are  taken  at  the  same  temperature,  this  alteration  must  be  a 
permanent  one,  and  not  the  temporary  alteration  always  seen  when  a 
nerve  is  heated  or  cooled. 

(3.)  Using  a  concentration  of  salt  solution*  that  had  been  found  to 

*  No  carbohydrate  was  added  to  tlie  solution  in  anj  of  the  heat  experlmentt. 
The  solution  was  neutral. 
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rk  equally  well  with  ull  ebiasea  of  n«rvej  tiiv]  carefully  presurviug 
Jiiiliir  conditions  of  experiment,  the  results  in  the  different  H^tim 
le  strictly  compurahlo  not  only  ivitfa  each  other,  but  also  with  HalH- 
lirton'a*  rese^irchos  on  the  heiit-cowgulHtion  of  the  nerve  proteids, 
I  The  excitiitton  waa  fi  maximal  one  throughout. 


Sorits  I. 

A,  With  Laboratory  Frogs. 

B.  With  freshly-caught  vigoroiM  Frogs, 
Sciatic  nerve.     Excitation  30,  except  in  A* 


I  tnent 
No, 


Hours 
taortfrn. 


Temp. 

of  nervp 
cham- 
ber. 


of  Uot 
ImLlu 


mifcial 
O-OOl  V. 


'    Iirita-  } 
y^^.  Tiif.     bility 
flnfti     ,  qtioiicmt 
-  A.    ,         h 


ISotv 


o 


2  30 


43  %> 
40-7 
40-0 
39-0 
38-5 


10 

0  8 
1-2 

1  -8 
]  '7 


0 
O 

0 

0*56 

1-7 


0 
0 

0 

0*31 

1-0 
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Series  IH. 
Pigeon.    Experiments  B""  and  B*  Sciatic,  all  the  rest  Median. 


Experi* 

Hours 

Temp, 
of  nerve 

Temp. 

Neg.TM. 
initial 

Neg.imr. 

Irrita- 
bilily 

ment 

pOMt^ 

of  hot 

final 

Notes. 

No. 

itwrtem. 

ber. 

bath. 

0-OOlT. 

-6. 

a' 

1       c"* 

1 

h.  xn. 
3  15 

28 

63^-6 

0-80 

0 

0 

Cold  bath  oceidentallj  omi 
ted.  The  nenre  was  muc 
eontracted  longitudinal] 
after  heating. 

a- 

4    0 

30 

53-0 

0-75 

0 

0 

Nerve  contnioted.  No"n< 
gatire  variation"  afti 
heating,  but  large  poi 
tive  current   eMsape  o1 

crushing. 
Nog.  var.  rapidlj  diminisl 

B" 

4  15 

38 

62-5 

0-25 

0-12 

0-48\ 
0-80/ 

B" 

430 

88 

62-0 

0-56 

0-17 

ing. 

Bi 

3    0 

37 

60-0 

0-61 

0  18 

0-80 

B» 

2    0 

80 

45-8 

0-80 

1*06 

8*6 

The  experiments  can  be  summarised  thus  : — 


; 

Normal  temp, 
of  animal. 

Temp,  of  incr. 
neg.  var. 

Temp  of  dim. 
neg.  var. 

Temp,  of  abol- 
ished neg.  var. 

jFrog 

— 

89-40^0. 

89-41** 

4Q— 42" 

!  Babbit 

87—41** 

42  •8» 

44-8— 47  *r 

48—48^ 

,  Pigeon 

40—12-5+ 

45 -8» 

60° 

52-68'^ 

It  is  seen  that  the  effect  of  heat  occurs  in  three  stages.  In  the  first, 
at  a  temperature  of  1 — 2**  above  that  of  the  animal,  the  negative 
variation  is  increased.  In  the  second  there  is  diminution,  recovered 
from  at  the  lower  temperatures  (4°  over  normal)  if  the  nerve^s  cooled 
longer  than  the  standard  time,  not  recovered  from  at  the  higher  (6 — 7*" 
over  normal),  and  finally  the  negative  variation  is  permanently 
abolished,  8**  over  normal  in  the  rabbit,  10"*  in  the  pigeon. 

While  the  mammalian  and  avian  nerves  show  quite  small  individual 

*  Pembrey  (Schftfer's  *  Text-book/  vol.  1,  p.  790).  The  higher  limit  for  the 
rabbit  is  from  unpublishec^  observations  of  Dr.  Pembrej,  which  he  has  Tory  kindlj 
famished  me  for  this  paper* 

t  Conn  and  Van  Beneden,  *  Aroh.  de  BipL/  .QwaA.,  1887,  vol.  7,  p.  266. 


Dr.  N,  H.  Alcock.     On  the  KeffntiM  Vuriaiion    [Jan.  IT^ 

[(foi'cnces  in  difTerent  animfilB  us  regards  their  raaetion  to  heat,  the 
[>g^3  nerve  varies  a  little  according  to  the  condition  of  the  aniniiil. 
If  I  so  the  oliservations  have  licen  arrangt^d  in  two  divisions*     Her© 

lie  also  notices  that  the  "  injury  range  *'  is  very  much  smaller  tb^n  in 

|o  ^varm-hlooded  nerve,  2"  at  most  »oparnting  a  temperature  that 
no  ill  effect  ior  one  that  finally  kilU  the  nerve,  as  against  5 — 6'  in 

le  mamnuil  and  bird. 

Ohstnmtinm. 

A  summary  of  the  pre^'ious  work  on  the  effect  of  temperature  on 
prves  IB  to  be  found  in  Howell's*'  paper,  and  iu  that  of  Boycott 

I  flo Weill  from  his  own  researches,  gives  41 — 44"  as  the  tetnperatutx! 
which  conductivity  is  al>olished  In  frog'a  nerve,  the  other  authors 
ive  45^ — SO''.  The  difference  appears  to  lie  due  to  the  methods  em 
loyed.  Hitherto,  there  has  been  some  difficulty  in  ensuring  that  all 
Irts  of  the  nerve  shall  have  the  same  temperature,  and  this  tem- 
Iraturc  has  in  most  cases  been  ascertained  indirectly,  further,  the 

ttie  dtu'ing  which  the  temperature  is  kept  up  and  the  conditions  of 

olsturej  &c.,  greatly  influence  the  results, t 

I  Another  explanation  is  possible.     The  majority  of  obfiervers:f  have 

[intined  the  conductivity  of  nerve  as  opposed  to  the  excitttbility,  and 
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rigor  at  45 — SOT,*  and  the  nei-ves  die  at  48 — 49'.  The  proteids  of 
the  cat's  brain  coagulate  at  47*  C.t  No  data  for  the  bird  are  available,^ 
the  nerves  die  at  53*. 


In  table  form. 


1 

Frog. 

Mammal. 

Bird. 

Muscle  proteid  (Halliburton  and  von  Furtli) 
1  3ilu8cle  rii^or  f Vincent  and  Lewis^ 

40' 
88—40'' 

40' 
40 — 42® 

47" 

46-48° 

47" 

48—49" 

'  Nerve  proteid  (Halliburton) 

Nerve  electrotonio  currents  (Waller) 

Nerve  (present  experiment  s).* ••«.. 

ii" 

It  is  reasonable  to  conclude  from  these  figures  that  the  extinction 
of  the  irritability  of  the  nerve  is  due  to  the  coagulation  of  the  proteids 
which  enter  into  its  composition,  and  I  venture  to  forecast,  that  when 
the  proteids  of  the  frog's  nervous  system  are  examined  one  will  be 
found  to  coagulate  at  40%  and  that  the  two  proteids  coagulating  at 
40'  and  47°  are  absent  from  the  nerves  of  the  bird.  It  is  possible, 
therefore,  to  make  a  nearer  approach  to  the  analysis  of  actually  living 
nerve  substance  than  has  been  practicable  hitherto. 

Temperafiitr  of  Extinction  by  Cold, 

Method. — Alongside  the  nerve  in  the  nerve-chamber,  was  placed  a 
junction  (A)  of  konstantan  and  iron  wire,  and  the  nerve  was 
arranged  so  as  to  touch  this.  The  junctions  konstantan  copper  (B) 
and  iron-copper  (C)  were  placed  in  glass  tubes  and  immersed  in  water 
at  room-temperature,  the  two  copper  terminals  led  to  a  key-board, 
with  connections  to  a  sensitive  Kelvin-type  galvanometer  of  low 
resistance  (16  ohms),  and  a  compensating  circuit  arranged  as  shown. 
The  wire  rheochord  marked  1  ohm  was  of  the  ordinary  du  Bois- 
Keymond  type,  and  with  the  voltage  and  added  resistance  as  marked 
1'  difference  between  the  junction  A,  and  B  C,  was  represented  by 
about  thirty-five  scale  divisions.  The  compensating  ciurent  was 
furnished  from  an  accumulator  of  large  capacity.  It  was  found  after 
careful    tests  that  no   perceptible  alteration  (within  0*05**)   of  the 

*  Vincent  and  Lewis,  'J.  Physiol./  vol.  86,  p.  445;  see  also  Brodie  and 
Ricliardson,  *  J.  Physiol./  vol.  21,  1897,  p.  333,  and  *  Phil.  Trans./  B,  vol.  191, 
1899,  p.  127 ;  and  also  Vernon,  '  J.  Physiol.,'  vol.  24,  p.  289. 

t  Halliburton,  loc.  eit. ;  also  Halliburton  and  Mott,  *  Archives  of  Neurology,*' 
vol.  2. 

X  Demant,  '  Zeitschr.  f.  PhysioL  Chemie/  vol.  8,  p.  241,  and  Kthne  and 
Chittenden,  *  Zeitechr.  f .  Biol./  N.  F.,  vol.  7,  p.  368, 1889,  have  made  some  observa- 
tions on  this  point,  but  I  have  been  unable  to  consult  the  papers. 


J*r,  K,  H,  Alcock.     On  tkti  Negative  Variathui     [Jaii-  IT, 

[iipeniture  of  the  fixed  junction  took  pltice,  if  it  did,  a  correction 

lild  be  readily  applied  to  the  figures  obtained.  To  guard  against 
rrent  escape  from  one  circuit  to  anothef  all  the  wires  leading  to  the 
v\'Q  ohiimber  wera  placed  w^ithin  rubber  tubing,  and  the  konetantan- 
In  jimctiou  (A)  vas  coated  with  nibber  "  tjre^repairing"  solution, 
lieh  on  tlrving  left  a  thin  and  even  coat  of  rul>ber  on  the  surface 
pdating  it  from  an}*  nerve  currents  and  from  any  possible  mutual 
kiou  from  or  to  the  norvc-  It  was  found  by  cxj^eriment  that  no  such 
Hon  occurred. 
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30  I)i\  N.  H,  Alcock.     On  tke  ^e^atit^  Vm^tion    [Jan,  1  T» 

ling  the  stinic  HpparHtiia  that  M'aller*  employ  eel  in  his  r  esearches  *oi 
le  cflfect  *>i  temperature  on  the  electrotonic  current  of  frog's  nerve. 
1  Tlie  nugntivc  ^ai iHtion  was  observad  in  the  way  l>efore  mentione<L 
iie  value  uf  the  galvjinometer  reflection  wi\s  ?igcerttiine<l  by  taking 
seiUe  VJilue  of  1  millivolt  at  intervals.  It  was  found,  as  is  well 
kowi],  that  the  rcfiistance  of  the  nerve  and  electrodes  gradually 
creased  ns  the  teraperaturB  was  lowered,  and  thiB  causes  a  small 
in  the  jjtrongth  of  excitation,  though  this  was  ainnilled  as 
as  possible  by  an  added  resistance  of  100,000  ohms  in  the  exciting 
tcuit, 

I  The  limit?*  fletcrmined  are  for  the  temporary  alx^lition  of  the 
Igative    varintioUy   not   for   its   permanent    al>olition.      There   is   a 

iual  rise  of  the  extinction  point  through  the  four  classes  of  amphi- 
Jms,  hiboniating  ummnialsj  mammals  nud  birds.  The  limit  varies  a 
Itle  in  each  expeiinient  in  a  manner  that  is  not  accounted  for  by 
Iher  the  apparent  comJition  of  the  nerve  or  by  its  anatomical  character, 
kat  some  ^^ariation  was  to  be  expected  was  clear  from  the  reaearchen 

Howell,t  ^bo  found  that  the  vaso-cons  trie  tor  fibres  in  the  cat*s 
latic  were  paralysed  by  cold  (  +  4  C.  7,/'.),  while  the  vaso -dilatator 
were   jmralyaed    1     lower,   and  even  greater   differences   werL* 
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the  lomst  point  before  extinction  of  the  negative  variation  took  place, 
and  both  the  frog  and  hedgehog  agree  in  giving  a  measurable  response 
below  0^.  In  experiment  B  on  the  frog  the  negative  variation 
reached  a  maximum  at  +3° -8  C.  In  the  experiment  C**^  on  the 
hedgehog  an  exactly  similar  maximum  was  observed  at  +7''9  C,  and 
plotting  out  the  "  cooling  "  and  "  warming  " 
curves  the  latter  gave  also  a  maximum  at 
the  same  point  (fig.  7). 

No  such  maximum  was  certainly  observed 
in  the  mammal  or  pigeon.  There  were 
traces  of  a  maximum  at  25''  C.  in  the 
former  (in  experiment  B"^  and  an  earlier 
experiment  on  the  kitten  not  recorded 
above),  but  the  experiments  C'*'^,  C***,  C*^, 
C***  showed  no  sign  of  this.  Several  explana- 
tions are  possible,  but  it  seems  preferable  to 
await  the  result  of  further  expenments 
before  insisting  too  strongly  on  any  of  them. 
One,  however,  seems  well  established,  that 
the  negative  variation  follows  the  tempera- 
ture with  a  certain  "  lag."  This  is  seen  to 
a  small  extent  in  the  nerve  of  the  hedgehog 
(fig.  7),  in  the  rabbit  and  bird  it  is  larger 
in  amount,  and  tends  to  obscure  curves  taken 
in  this  way. 

I  have  not  yet  determined  the  pcnmment 
extinction  point,  recovery  took  place  in 
experiment  B^  in  the  frog  after  a  tempera- 
ture of  -  3^*5  C.  had  been  reached,  and  in 
Experiment  B"''  on  the  rabbit  (  -  2*'-5),  expe- 
riments are  in  progress  in  this  direction. 

The  range  of  temperature  through  which 
the  nerve  can  function  is  obtained  by  com- 
bining the  figures  here  observed  with  those 
of  the  former  series,  and  it  is  found  that  this 
range  is  the  same  for  all  the  nerves  examined, 
45^-5  for  the  frog,  45°-2  for  the  rabbit,  and 
46°  1  for  the  pigeon,  one  step  higher  in  the 
temperature  scale  in  each  case  (Fig.  8). 


^ 


^- 
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Concliuian, 

(1.)  It  is  possible  to  examine  isolated 
mammalian  and  avian  nerves  under  the  same 
conditions  as  frog's  nerves. 


d 


TS 


^ 


"?ar6° 


Fig. 
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(2*)  There  ia  no  cssentiid  difference  between  the  nerves  of  frtJgs^ 
iTiainrnals,  and  birds  as  regarcfs  thdr  negative  variHtioii,  excitHbllitVp 
liiid  renction  to  anEusthetics, 

(3.)  There  is  a  marked  diJlbience  in  the  extinction  point  for  heiit. 
The  negative  variation  in  frog'g  nerve  is  n1>otishmI  at  40 — 42*  C,  in 
rabbit's  net^ve  ut  48 — 49",  in  pigeon's  nerve  at  53\ 

(4-)  This  extinction  point  correspondfl  closely  with  the  first  con|^ubi- 
tion  point  of  the  hmly  prutuidu,  where  these  are  known,  and  tliiis 
Conciliation  is  probably  the  t'anFue  of  the  permanent  k>as  of  lrnt«l>ilil\' 
of  the  nerve. 

(5,)  The  point  at  which  the  nerves  arc  pandy&ed  by  cold  ia  -  ii  -fi 
liu  the  frog,- r*4  in  the  hedgehog,  H-S'^Sin  the  rabbit,  and +  6  ""Sin 
1th G  pigeon* 

It  gives  me  great  pleastira  to  acknowleelge  my  indebtedness  Ut 
iDi^  A.  I}.  Waller  for  his  gre^^t  kindness  and  assistance  in  everything 
Iconneeted  with  this  paper. 


tJn  the  Decline  of  the  Injury  Current  in  Mammalian  Nerve,  and 
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exhibiting  an  actual  rise,  so  that  the  highest  value  of  the  injury 
ciurrent  is  only  attained  when  the  nerve  has  lain  for  some  time  upon 
the  electrodes.  Several  observers*  have  noted  the  initial  rise,  and 
explanations  have  been  offered  which  accord  with  the  generally  held 
'*  alteration  "  theory  of  the  nerve  current.  In  face,  however,  of  facts 
recently  brought  forward  in  a  series  of  papers  by  one  of  us,t  it  is 
difficult  to  accept  the  prevailing  theory  as  satisfactory.  The  attempt 
was  therefore  made  to  study  this  particular  phase  of  the  injur}' 
current  from  the  point  of  view  set  forth  in  the  papers  alluded  to. 
That  view,  which  may  be  called  the  "  concentration  cell "  theory  of 
the  injury  current,  is  based  upon  the  hypothesis  of  the  core-model 
stnictiu-e  of  nerve,  J  and  lays  stress  on  certain  pre-existing  peculiarities 
of  constitution.  These  may  briefly  be  described  as  (a)  a  separation  of 
the  solutions  of  electrolytes  of  the  nerve  into  internal  and  external 
solutions  by  a  membrane  which  permits  only  imperfect  diffusion  to 
take  place  between  them ;  {h)  a  difference  in  the  quantitative  distribu 
tion  of  electrolytes  in  the  solutions,  the  internal  one  being  of  small 
volume,  but  of  gi*eat  concentration  and  high  specific  conductivity. 
Such  a  difference  l)etween  the  solutions  must  give  rise  on'  rupture  of 
the  membrane,  as  by  section  or  other  injury,  to  difftision  processes, 
and  consequently  to  differences  of  potential. 

If  such  electrical  differences  as  are  found  in  the  phenomenon  of  the 
ii»jury  ciurent  arise  from  the  source  indicated,  they  shoiJd  be  capable 
of  modification  in  just  the  same  manner  that  a  process  of  diffusion  can 
be  modified.  The  value  of  a  diffusion  process  depends  primarily  upon 
the  concentration  ratio  of  the  two  solutions  in  contact,  and  may  be 
increased  by  diluting  the  weaker  solution.  In  the  experiments  already 
reported  upon,§  the  extreme  case  of  this  dilution  was  exemplified  by 
immersing  the  nerve  for  a  short  time  in  water;  the  result  was  an 
increase  of  the  injury  current  due  to  the  enhanced  value  of  the  diffu- 
sion process. 

In  relation  to  the  experiments  recorded  here,  it  may  be  said  that  the 
temperature  of  the  solutions,  or  the  fact  of  any  difference  of  tempera- 
ture existing  between  them,  is  hardly  less  important  than  the  concen- 
tnition.  In  frog's  nerve,  the  solutions  are  already  approximately  at 
the  temperature  of  the  laboratory.  But  with  mammalian  nerve  the 
ease  is  very  different.  Removed  immediately  after  death,  such  a 
nerve  has  a  temperature  presumably  not  far  removed  from  that  of  the 

•  Waller,  "  Croonian  Lecture,"  *  Phil.  Trans.,*  London,  1896. 

t  J.  S.  Macdonald,  '^  The  Source  of  the  Demarcation  Current  considered  as  a 
Concentration  Cell,**  *  Proc.  'Roy.  Soc..*  rol.  67,  p.  315,  Ac,  1900,  Ac. ;  "  The  Injury 
Current  of  Nerrc.  The  Key  to  its  Physical  Structure,'*  'The  Thompson  Yates 
Laboratories'  Beports,*  vol.  4,  part  2,  1902.  pp.  218 — 330. 

X  Griinhagen,  '  Eonigsberger  Med.  Jahrb.,*  toI.  4,  p.  190;  Strong,  'Journal  of 
Physiology,'  vol.  25,  p.  427  ;  Boruttau,  *  Pfluger's  Arohir,'  vol.  68,  p.  154,  &c.,  4c. 

§  J.  S.  Maedonald,  *The  Thompson  Tates  LaboratoTievi'  'fiLe^T^.^  \oc.  c\i. 
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lammiiliaii  body.   Cooling  niusi,  therefore,  continue  after  the  nerve  has 

lac he( I  the  electrodes  ;  and  ihir^  couliiig  is  not  a  perfectly  simple  matter , 

'  the  fatty  eheath  of  the  nor\'e  is  not  only,  probably,  a Imd  conductor  of 

s  Ctrl  city,   but   also  undoubtedly   an  indifferent  conductor   of   heat^ 

le   should  expect,  therefore,  the    cooling  process  to  be  ilifferential, 

le  temperature  of    the    external    solution    falling  sooner  than  that 

the    internal    solution    or   axis   cylinder ;    and    since   cooling    is 

a  manner  equivalent   to  dilution,  the  concentration  ratio   of   the 

ro  solutionis   should  bo  at   firnt  ineroaised,   and    with   it   the  value 

the  KM, R 

The  theory  then  affords  an  explanation  of  the  increase  observed 
(hen  a  ner\"e  just  out  of  the  Wly  is  examined  at  a  lower  terapera- 
Lre.  It  remained  to  further  exemplify  tliis  fact  by  attempting  to 
Iproduee  the  phenomenon  at  will,  ;Vji  experiment  was  so  arranged 
uit  the  pj'oper  temperature  of  the  nerve  was  artificially  maintained, 
hd  then  at  a  given  momejit  allowed  to  fall  gradually.  The  residting 
krve  shows  that  at  or  neiir  liody  temperatiu'e  the  injury  current 
Bclinefl  rapidly;  in  this  particular  case  it  fcH  in  half-an-hour  44  per 
Int.  of  its  original  value.  In  the  second  portion  of  the  record 
\uinij  ilu*  fcrkd  of  rmH/iffj  the  rapid  fall  was  arreated^  there  was  a 
id  of  hesitation,  and  then   a  alow  rise  of  the  current.     On  the 
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is  reduced  by  exhausting  the  vahie  of  the  source.  A  low  tempera- 
ture reduces  the  value  of  the  injury  current  by  checking  the  process 
upon  which  it  depends.  Both  extremes,  then,  reduce  the  value  of  the 
current,  but  by  quite  different  means.  This  being  so,  there  will  be  a 
mean  temperature  around  which  these  two  effects  are  balanced;  at 
which  the  value  of  the  source  decreases  less  rapidly  than  at  the  higher 
temperature,  and  the  value  of  the  diffusion  process  is  greater  than  at 
the  lower  temperature,  at  which,  therefore,  the  injury  E.M.F.  is 
best  maintained.  This  consideration  led  to  the  systematic  study  of 
the  injury  current  at  different  steady  temperatures,  and  the  sough t-f or 
point  of  best  maintained  E.M.F.  was  found  to  lie  between  W"  and 

ir  C. 

In  the  experiments  hitherto  considered,  we  have  dealt  with  cimrnf, 
no  allowance  being  made  for  changes  of  resistance  brought  about  by 
altered  temperature.  The  error,  in  some  cases,  was  of  no  great 
moment,  in  others,  those,  namely,  where  a  lowering  of  temperature 
gave  an  increased  injury  current ;  a  correction  for  altered  resistance 
would  but  have  accentuated  the  point  it  was  sought  to  establish. 
But  there  are  instances  in  which  the  error  might  be  serious — and  it 
seemed,  therefore,  desirable  throughout  the  inquiry  to  supplement 
the  photographic  records  by  a  series  of  observations,  in  which 
measurements  of  potential  by  compensation  should  be  taken  at 
frequent  intervals.  Such  measurements  have  been  undertaken  by  us, 
and  completely  confirm  the  statements  made  above. 


'Mjn  the  Formation  of  Definite  Figures  by  the  Deposition  of 
Dust."  By  W.  J,  EussELL,  Ph.D.,  F.RS.  Eeeeived  January 
29,— Bead  February  19,  1903. 

(Abstract.) 

The  author  shows  that  when  a  plate  of  glass  or  other  material  is 
slightly  warmed  and  allowed  to  cool  for  6  or  7  minutes  in  a  dust- 
laden  atmosphere,  a  clear  and  definite  figure  is  formed  on  the  plate. 
The  figure  is  determined  by  the  form  of  the  plate  on  which  it  is 
deposited.  If  a  square  plate  is  used  then  a  simple  cross  is  formed, 
a  ray  of  deposit  proceeds  from  each  comer  of  the  plate  to  the  centre. 
If  the  plat<)  be  triangular,  a  ray  again  proceeds  from  each  corner;  and 
with  an  octangular  plate  an  eight-rayed  star  is  formed.  In  every  case  the 
number  and  position  of  the  angles  of  the  plate  determine  the  form  of 
the  figure.  The  dust  generally  used  was  that  produced  by  burning 
magnesiimi  ribbon,  but  any  fine  dust  acts  in  the  same  way  and 
produces  the  same  figures. 
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lA\'ith  reganl  to  the  plate  on  w  hich  the  figure  is  deposited.  Its  eom- 
kuiou  13  not  of  importance  except  as  a  hack  groinnl  for  the  dust* 
l^liisii  plate  for  many  reiiso^H  is  l>efit,  but  the  figurei^form  with  cqu;il 


I'tHinty  and  Nhutj>nt*isi  on  one  of  copper,  or  mere  my,  or  ebonite,  or 

lilia-r libber,  or  eard- board,  ^^.     In  order  to  he^it  the  plate  it  may  be 

bi?ed  Hcveriil  times  over  the  flame  of  a  lamp^  warming  it  aa  uniformly 

poiisible,  and,  if  it  l>e  u  gWs  plate,  nntil  the  moiwture  condeni«ed  ou 

under  Hide  hju*  disappeared;  or  the  plate  may  be  hc^iterl  by  laying 
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produced  by  placing  a  source  of  heat  above  the  plate  instead  of  below 
it.  A  large  number  of  experiments  are  also  recorded  and  illustrated 
showing  the  effect  which  different  bodies  in  the  immediate  neighbour- 
hood of  the  plate  have  on  the  figures  which  arc  formed.  Taking  only 
one  case,  that  of  a  pin.  When  it  is  placed  in  contact  and  at  right 
angles  to  the  plate  a  definite  deposit  is  produced,  and  this  varies  as 
the  pin  is  moved  further  and  further  away,  and  as  it  is  placed  either 
on  Ji  level  with  plate,  or  above  or  below  it.  Even  when  the  pin  is 
6  mm.  1)elow  the  level  of  the  plate,  and  2  mm.  away  from  it,  a  distinct 
effect  is  produced.  Again,  these  dust  currents  may  be  influenced  in 
a  lemarkable  way  by  suspending  glasses  of  different  sizes,  and  at 
different  heights  alwve  the  plate  on  which  the  figures  are  depositing, 
and  photographs  of  the  figures  produced  are  given.  The  effects  pro- 
duced by  obstructions  of  different  sizes  laid  on  different  parts  of  the 
plate  are  also  shown. 

It  was  also  found  that  a  current  of  dust  drawn  through  a  tube  will 
form  a  characteristic  figure  on  a  plate,  which  need  not  be  warmed,  as 
it  pjxsses  over  it. 

If  the  magnesia  dust  be  allowed  to  settle  on  a  surface  of  water, 
about  the  temperature  of  17**  C.  or,  on  water  containing  a  very  small 
amount  of  alcohol  or  glycerine,  the  deposit  which  forms  on  the 
surface  breaks  up,  by  the  powder  sinking,  into  a  figure  of  cellular 
form. 

Magnesia  dust,  which  w;is  generally  used,  undergoes  some  strange 
changes.  When  first  deposited  it  is  removed  by  the  slightest  touch, 
but  if  the  plate  be  kept  for  a  week  or  fortnight  it  may  then  be  softly 
brushed  over  without  damage  to  the  figure.  Another  change  which  this 
powder  undergoes  is  shown  by  collecting  it  immediately  it  forms,  and 
examining  it  under  a  microscope,  when  it  will  be  found  to  consist  of 
irregular  shaped  and  separate  particles,  but  if  the  collection  of  the 
dust  be  made  a  few  minutes  after  its  formation,  it  is  then  seen  that 
the  particles  are  strung  together,  forming  small  and  irregular  fibres. 
In  the  various  figures  that  have  been  produced  the  magnesia  seems  to 
have  assumed  this  form. 
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^'  Mathematical  ConlributiouH  to  the  Theory  of  Evolution.— On 
HiiuiotypoaiB  in  Hoiiioloi^ouH  hut  Differentiated  Organs/'  lly 
KAitL  PfiARSON',  F.i;,S.,  Uiiivei-sity  College,  London.  lie- 
ceived  fhinuary  20.^TEeftd  February  ID,  190*^, 

(L)  In  tUc  piipcv  on  **  Homotypada  in  the  Vegetable  Kingdom/'*  I 
Idcfinecl  lioiut>tyi)ea  ns  'Muiditterentiated  like  orgjins,"  In  the  couj*so 
htl  that  |>wpt*r,  I  eadeiivoiireil  to  indicate  that  I  was  not  nnconiscioiis 
l<)£  the  iiiHuuncc  of  age,  lo<yd  environment,  and  position  upon  organism 
I  in  modifying  homotypic  correlatioji.  The  object  of  my  memoir,  how- 
lever,  wiis  to  ol>tain  some  general  appreciation  of  the  average  intensity 
lof  incHviduality  in  living  forms,  and  to  see  if  it  approached  the  average 

I  value  of  fraternal  heredity  in  plant  or  animal  life.     For  this  purpose 

II  selected  isuch  material  as  w^^h  readily  available,  indicating  the  series 
I  where  1  thought  differentiation  of  a  sensible  amount  was  present  owing 
|to  the  age»  the  situation,  or  the  environment  factors. 

From  the  Htandpoint  of  theory,  however,  we  are  not  compelled  to 
lidopt  a  mere  inrlication  of  this  Isinrl,  As  soon  as  we  can  correlate 
^►etween  :  (ft)  age  and  the  ^quantitative  character  of  the  homologous 


1 
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we  are  not  dealing  with  homotypes  at  all,  but  with  homologous  parts, 
and  we  wish  to  reduce  them  to  homotypes  by  correcting  for  differ- 
ences between  them  due  to  growth  or  to  situation  on  the  organism. 

I  propose  at  present  to  deal  only  with  problems  (i)  to  (iii),  not 
because  (iv)  does  not  admit  of  theoretical  treatment,  but  because  we 
have  not  thus  far  obtained  data  to  illustrate  satisfactorily  the  correlation 
between  character  and  the  immediate  environment  of  the  individual 
organism.  Experimental  determinations  of  homotyposis  in  plants, 
when  the  individuals  are  subjected  to  a  graduated  environmental 
scale,  e,g,y  in  depth  of  soil  or  quantity  of  moisture  allowed  would  be 
fairly  easy  to  carry  out,  and  most  interesting  in  result.  I  hope  it  may 
be  possible  to  arrange  experiments  of  this  kind  for  the  coming  sum- 
mer. We  can  then  illustrate  the  fourth  proposition  from  actual  obser- 
vation, and  the  publication  of  its  theoretical  solution  will  be  of  greater 
value. 

(2.)  To  find  the  correction  to  be  made  to  the  apparent  homotypic  correla- 
tion when  the  pair  of  homologous  parts  are  differentiated  from  each  other 
by  their  periods  of  growth. 

Let  X  and  y  denote  the  characters  in  the  two  homologous  parts 
quantitatively  determined,  and  /i,  t^  their  respective  periods  of  growth. 
Then  we  have  four  variable  quantities  aj,  y,  /i,  ^,  no  one  of  which 
fixes  absolutely  any  other,  for  individuals  will  have  different  charac- 
ters even  with  the  same  period  of  growth.  The  proposition  accord- 
ingly reduces  to  this :  What  is  the  correlation  R  between  x  and  y  for 
constant  values  of  the  variables,  t.«.,  selected  values  of,  ti  and  /2 ) 

This  problem  is  answered  in  formulae  (Iviii),  (lix)  and  (Ix)  of  my 
memoir :  "  On  the  Influence  of  Natural  Selection  on  the  Variability 
and  Correlation  of  Organs."* 

Let  us  write  in  those  formulae  /i  for  the  subscript  1,  t^  for  2,  x  for  3, 
and  y  f or  4 ;  we  have  at  once 


V  2  _  o- 


wy        —     (Ty 


—  i--iW  ^^' 

Zjc^yK  =  a-jp-y 1  _^,    2 V"V- 

Now  if  we  deal  with  direct  and  not  cross-homotyposis,  i.e.,  with  the 
correlation  of  the  same  character  in  two  homologous  parts,  we  can  put 
these  results  more  simply.  We  in  this  case  render  our  correlation 
tables  symmetrical  by  entering  each  one  of  a  pair  of  homologues  first 
as  an  x  and  then  as  a  y.     We  may  then  write 

•  *  Phil.  Trane.;  A,  vol.  200,  p  30. 
VOL.  LXXI.  X 
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and  we  fint! 


-    —    -y    - 


-X'     =     -W"     =    tT" 


^^l_rs-r3-/s  +  2ifrr' 


1  -r2 


K-  /> 


I  -r- 


2r/-r(r^  +  r^^) 


l^r^-r^^raH^STTf     1  ^f«-,4r^r's^.2ny 


..(iv). 


This  is  the  full  solution  of  the  first  problem.  • 

We  see  that  in  order  to  solve  it,  it  is  necessary  ; 

(i.)  To  find  the  correlation  p  of  the  homologous  pairs  as  if  they 
were  simple  homo  types. 

(ii»)  To  find  the  correlation  r  T>etween  the  growth  periods  of  each 
pair  of  homotypes. 

(iii.)  To  find  the  correlation  r  between  the  character  and  the  period 
of  growth. 

(iv.)  To  find  the  correlation  /  between  the  character  of  one  homo* 
type  and  the  period!  of  growth  of  its  fellow. 

Now  these  correlations  can  be  found  at  once  by  the  usual  statietical 
processes,  if  the  dat^i  are  forthcoming* 

(3,)  I   propose  to  illuatrate  this  on  niateriat,  which,  although  not 
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A  few  remarks  must  be  made  on  these  tables. 

Table  I  gives  the  following  values  of  the  constants : — 

Mean  length  of  head  of  elder  brother  »  186*7508  in  mm. 

younger  „      =  183-8296      „ 

Standard  deviation  of  elder  brother    =       7*5027      „ 

„  „         younger  „        =      7*3536      „ 

The  correlation  is,  then,  found  to  be  0*601,751,*  and  the  regression, 
younger  on  elder  brother,  0*5897.  These  give  the  intensity  of  heredity, 
uncorrected,  for  the  growth  factor. 

Now,  the  most  noteworthy  part  of  this  result  is,  as  we  shall  see  later, 
that  taking  brothers  at  different  ages  tends  to  exaggerate  the  apparent  intensity 
of  heredity.  If  we  were  to  take  pairs  of  boys  at  ages  from  4  to  19,  each 
pair  having  no  hereditary  relationship,  but  being,  on  the  average, 
within  a  year  or  so  of  the  same  age,  we  should  find  a  spurious  correlation 
due  to  the  mixture  of  material,  each  pair  having  approximately-like 
head-lengths  because  the  members  of  it  were,  approximately,  of  like 
age.  On  the  other  hand,  if  the  boys  were  blood  relations  of  very 
different  ages,  their  apparent  relationship  would  be  weakened,  because 
we  should  be  correlating  the  same  organ  at  different  stages  of  its 
growth.  We  have  thus  two  factors  :  one  tending  to  exaggerate,  and 
the  other  to  weaken  the  apparent  strength  of  hereditary  resemblance. 
It  is  of  great  interest  to  note  that  the  former  factor  in  the  present 
case  is  the  more  effective. 

In  Table  II  we  have  what  I  term  a  growth  table,  i.e.,  a  correlation 
table  between  period  of  growth  and  the  quantitative  measure  of  a 
character.     The  constants  of  this  table  are  as  follows : — 

Mean  age  of  boy =  13*0394  years. 

Standard  deviation  of  age =       2  *  8207      „ 

Mean  head-length =  185*4516  mm. 

Standard  deviation  of  head-length    =       7*4991     „ 

Correlation  of  age  and  head-length  =  0*453,496 

The  regression  coefl&cient  for  head-length  on  age  =  1*205676,  and 
we  have  the  probable  head-length  Hpfor  observed  age  A  given  by 

Hp  =  169*7303  + 1*2057  A (c) 

Thus,  on  the  average,  boys'  heads  grow  in  length  1*2  mm.  a  year. 

My  results  are  based  on  1637  cases  entirely  taken  off  the  brother- 
brother  data  papers.  Dr.  Alice  Lee  at  an  earlier  stage  also  worked  out 
a  growth  table.  We  had  not  then  so  many  brother-brother  data 
papers  filled  in.  She  used  in  addition  all  the  brother  measurements- 
on  the  brother-sister  papers,  and  so  reached  1856  boys,  of  which,  I 

*  Six  figures  have  been  kept  in  the  correlation  coefficiente,  as  we  require  to* 
calculate  the  regression  coefficients  from  the  diiferenoes  of  products  and  powers. 
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think,  we  may  safely  assert  that  400  at  least  are  not  included  in  my 
series.    She  found  :  Mean  age/  12-7177;  mean  head-length,  184*8182; 
and  slope  of  regression  line,  r204O,  giving  the  formula 

Hp  =  169 '5061 +  1-3040  A, 
&  result  in  substantial  agreenient  with  mine. 
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line,  until  the  range  of  data  is  very  largely  extended.    The  regres- 
sion is  sensibly  linear. 

Table  IIlA  and  Table  IIIb  give  the  following  results : — 


Mean  age  of  elder  brother*. .  —  14  *1240 
SJ>.  of  elder  brother's  age. .  -  2  *512i 
Mean  head -length,  joonger 

brother »188*8678 

S  J),  of  head -length,  younger 

brother «     7-2806 

Ck>rrelation  of  age  of  elder  and 

head-length  of  jounger . .  »     0  *896,598 


Mean  age  of  jonnger  brother  »  11  *7149 
8.  D.  of  jounger  brother's  age  »  2  *722l 
Mean    head  •length,    elder 

brother ...-186*6616 

S.D.  of  head-length,  elder 

brother -    7*6006 

Oorrelafcion  of  age  of  jounger 

and  head-length  of  elder .  -     0  *879,826 


We  see  accordingly  that  within  the  limits  of  the  probable  error,  tihe 
correlation  between  younger  brother's  head-length  and  elder  brother's 
age  is  the  same  as  that  between  elder  brother's  head-length  and 
younger  brother's  age.  This  result  might,  to  some  extent,  have  been 
anticipated,  but  actual  proof  of  this  type  of  cross-relation  is  of  value. 
In  Table  lY  we  have  the  correlation  between  ages  of  brothers  giving 
the  constants : — 

Mean  age  of  elder  brother    »  14*1608 

Mean  age  of  younger  brother  =  11*7487 

S.D.  of  elder  brother's  age   «    2*5080 

S.D.  of  younger  brother's  age «    2  *  7220 

Correlation  of  brothers'  ages    »    0  *  884,186 

The  first  four  results  are  in  good  agreement  with  those  of  Tables 
IIIa  and  IIIb.  The  last  result  shows  how  nearly  there  is  an  approxi- 
mation to  a  constant  difference  in  age  between  brothers  in  schools. 
Very  closely  we  have — 

Probable  age  of  younger  brother  =  0*96  x  (age  of  elder  brother)  - 1*83. 

When  the  elder  brother  is  6,  his  younger  brother  is  probably  2*1  years 
younger  than  he  is ;  when  the  elder  brother  is  12,  the  younger  brother 
is  probably  2*3  years  younger,  and  when  he  is  18,  2*6  years  younger. 
The  explanation  of  this  is  that  when  the  elder  brother  is  very  young 
only  his  near  or  second  brother  will,  as  a  rule,  be  at  the  same  school, 
but  in  the  secondary  schools,  which  he  reaches  at  a  much  later  age,  it 
is  possible  for  a  much  younger  brother  to  be  at  the  same  school. 

Now  let  us  substitute  the  correlation  values,  found  in  equations  (i) 
to  (iii),  of  page  290.     We  have 

r^  =  0*601,664,  n,*,  =  0*884,186 

rxi,  =  ryt,  =  0*463,496, 

r,,.  -  0*379,326,  r^,  -  0  396,5%. 
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Whence  we  find 

S^era;  =  0-890,051,  S^/ory  =  0-891,209, 

K  =  0-5446. 


md 


This  is  a  very  reasonable  value  of  fraternal  correlation,  agreeing 
Luite  well  with  results  obtained  for  horse,  man  and  dog.  It  is  worth 
hoting  that 

rjejXr^^f^  ^  Vi'^^'i'i  =  0*4010, 

ind|  therefore,  cither  equals  ?>/,  or  Tv^  fairly  closely ;  in  fact,  within 
the  probable  error  of  their  difference. 

Hence,  it  would  appear  highly  probable  that  the  croas^relatioti 
between  one  brother's  head  length  and  a  second  brother's  age  is  solelj' 
lue  to  the  correlation  of  the  ages  between  the  two  brothers. 

If  such  a  result  as 


r^t,-^r,^t,  =  r^i^ 


iv) 


pbould  be  verified  on  the  reduction  of  further  data,  it  will  enable  us 
much  simplify  our  formulsQ. 
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(4.)  To  find  the  correcti&n  to  he  mrnkkiJie  appareni  homfdijjnc  Cifrrchium^ 
vheii  each  pair  of  ^iortwttfpes  is  differfHitkitfd  ht/  a  c&tiima$i  period  of  ffr&wih 
rom  other  pair^  of  hormdt/pes. 

The  solution  of  this  problem  mny  he  deduced  at  once  from  equatioo 
liii)  of  tlio  preceding  problem  by  simply  putting  ti=  f^.     In  this  caae 
/■',  r  =  Ij  and  we  find 


K  - 


-1-^ 


l-r^ 


(V). 


This  equation  was  given  by  me  in  a  note  in  Biomdrika^  voL  1, 
l\  404,  and  its  use  illustrated  on  Dn  Himpson's  data  for  Fararmc- 
titii  rfttidatiuit. 

(5.)  To  find  thr.  correrfmi  to  he  made  to  the  trppureni  hmwtifpic  correlation 
irA^n  the  pair  of  homolofjoiis  /htH!^  ore  dijferentuiti'd  ftVfn  eaeh  other  %  iitua- 
|/V>?(  on  ijw  organisjJL 

We  have  only  to  put  in  fonnida  (iii)  on  p.  290,  ^x  =  pi  and  ^-  =  p^i 
the  positional  co-ordinates  of  the  first  and  second  homologous  parts,  to 
Inake  that  formula  available  for  position  instead  of  age  differentiation- 
Jf  we  denote  by  f.i  and  e^2  the  characters  of  the  parts  in  the  positions  pi 
|rid  Pi  respectively >  our  solution  tnkes  the  form  below ^  where  we  have 

1  fined  our  attention  to  the  same  character. 
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Let  j)  a  mean  poeitdon,  a-p  »  standard  deviation  of  positions  on  the 
arbitrary  position  scale.  Let  there  be  n  organisms,  and  suppose  that 
Sm  denotes  a  summation  of  all  m  homologous  parts  on  an  organism, 
and  S  a  summation  for  all  n  organisms.    Then,  if  o-^  »  Op^  »  a-^^ 

nm(m-l)rp^(rp«  =  S»{S,„0>i-;>)(jP2-^)} 
But  Sm(jpi  -p)  =  0,         hence,  since  S«(pi  -py  =-  wkrp«, 

or  rp^  -   -j^  (vii). 

Further 

«m(w-l)rpj^(rpcre  =  Sn{S«(l?i-^)(C2-c)} 

=  Sn{S«(C2-^xS«0>l-lJ)-S«(Ci-d){jpi-p)} 

-    -Sn{8«((Ji-g)(l>i-^)}. 

But  Sn{S«(ci-«)0?i-j5)}  »  fma-to-prc^. 


Hence 


-^  '*'*»ft^^^»^    (^)' 


a  relation  precisely  similar  to  that  discovered  in  the  ease  of  growth 
periods  for  brother's  head-lengths  from  the  actual  numbers  on  p.  294. 
Substituting  we  find 

1  -  ^Pift  -  ^Pi^i*  -  ^M^  +  ^^PiPt  Wi  ^M  -  (1  -  rp^^)  (1  -  rp^c*) 

Then  substituting  in  (vi)  and  using  (vii)  we  determine  the  simple 
formula  for  homotyposis  corrected  for  positional  differentation 

E e_+     J !pL.  (ijr) 

where  Vpe  stands  for  the  correlation  of  character  and  position  on  the 
organism. 

An  exactly  similar  formula  might  be  f oimd  for  the  correction  for  the 
age  or  growth  factor,  if  the  m  homologous  parts  dealt  with  had  the 
same  distribution  of  ages  or  growths  in  each  organism. 

(7.)  Now  the  equation  just  found  has  the  serious  disadvantage  that 
it  is  based  on  the  linearity*  of  the  regression  relation  between  position 

*  The  reader  should  note  that  this  condition  does  not  inToWe  anj  astumption 
of  normal  freqnenoj,  or  the  Gausnan  law.  The  latter  applies  oidj  to  a  rerj 
special  ease  of  linear  recession. 
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and  character.  But  while  organic  and  homotypic  correJations  give  for 
a  surpritiing  variety  of  cases  sensibly  linear  regression  relationa,  the 
r'elation  between  position  and  mean  character  is  far  more  rarely  linear. 
AVe  obtain,  as  a  rule^  remarkably  smooth  curves.  We,  therefore, 
re^piire  s^ome  modification  of  equation  (ix). 

Still  supposing  the  regression  of  character  and  position  linear,  we 
should  have,  if  '/  be  the  mean  standard  deviation  of  an  array  of  organs 
in  the  same  position, 

But  if  fTyj  be  the  stanflard  deviation  of  the  means  of  the  arrays,  we 
have  from  first  principles 

o"  =  frji^  +  a" 


Hence 


'pe- 


We  can  now  write  equation  (ix)  in  the  form 


11  -  /> 


cr«- 


cf^-cTji^     {m-l)(o^-<rji») 


W- 


This  is  fjuitc  free  from  ry,  and,  what  is  more,  although  we  have  deduced 
it   from   (ix)  and   the   relation    cr'^  =  er'*(l-/-^-)    pec^iliar    to   linear 
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Or,  noting  that 

c  =  SmSn(ci)/(nw)  =  S,H  (cp)/wi,  we  have 

where  o-'  is  the  standard  deviation  of  the  character-individualities  free 
from  the  position  factor.  We  see  that  it  is  precisely  the  same  quantity 
as  we  have  previously  used  for  the  mean  standard  deviation  of  the 
arrays  for  given  positions. 

Next  taking  the  correlation  of  characters  c^i  and  €^2  in  positions  pi 
and  p2  we  have 

S^(ri'2)  +  S,„(ciV)  =  S«(ci2)  +  S,«(ciC2)-2S«(ci)mc  +  m2c2. 

To  get  this  result  we  have  multiplied  every  quantity  like  c'^  =  ^ i  -  Cp^ 
by  every  other  quantity  like  c'2  =  Cj  -  Cp,  and  by  itself ,  and  then  added 
such  quantities  together  for  every  position  on  the  one  organism.  Thus 
on  the  left  hand  side  there  are  m  terms  in  the  first,  m{m  - 1)  terms  in 
the  second  summation ;  on  the  right  hand  side  there  are  77}  terms  in 
the  first,  m{m -I)  terms  in  the  second  and  m  terms  in  the  third  sum- 
mation.    Now  sum  for  each  of  the  n  organisms,  and  we  have 

n7)ij(r"^  +  nm{m-  l)Ro-'2  =  mn{(r^  +  c^)  +  nm{m  -  1)  (pcr^  +  c^) 

Whence  R  =  pa^/a-'^  +  /'"f'    , 

or,  as  before 

^o^^^2  +  (^.l)  (0-2^0-^2)    W- 

Now  while  this  proof  is  independent  of  the  theory  of  partial  cor- 
relation coefficients,  involving  only  simple  algebra,  and  is  further 
independent  of  any  consideration  of  linear  regression,  it  yet  wants 
something  of  the  width  of  the  former  theory,  which  allows  us  at  once, 
for  example,  to  correct  for  a  combination  of  factors,  such  for  example 
as  for  both  growth  and  position  influences  simultaneously.  The 
difficulty  lies  entirely  in  the  extent  within  which  it  is  legitimate  to 
assume  the  relation  between  position  or  age,  and  the  mean  value  of  the 
character  at  that  position  or  age  to  be  linear.  It  is  therefore  clearly 
advisable  to  start  by  plotting  this  relationship,*  and  fitting,  if  possible, 
such  position  or  growth  graphs  with  appropriate  curves.  If,  for  the 
series  of  positions  dealt  with  or  the  period  of  growth  taken,  we  find  that 
a  straight  linef  is  a  close  approximation  to  the  relationship,  then  we 

*  In  the  case  of  some  animals  and  many  plants  the  relationship  is  in  itself 
of  much  interest,  for  it  expresses  a  law  of  development  or  growth  in  serial  parts, 
t  The  analytical  consideration  of  this  point  is  yery  simple.     If  the  regressiow 
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ay  use  the  general  theory  of  partial  correlation,  otherwise  we  mnal 

n  back  on  results  like  {%).  For  example,  in  head  growth  in  boys, 
I  we  cannot  much  improve  on  a  straight  line  ^  in  positional  influence  on 
I  the  branches  in  the  whorls  of  Equmhim  tifveme  we  need  at  least  a  third 
I  order  parahola. 

(8.)  Although  material  for  several  inveatigations  on  the  homo' 
Ityposis  of  aerial  homologous  parts  has  been  collected,  the  progress  in 
I  some  of  these  cases  is  slow,  as  it  involves  rather  bhorioiis  micro- 
scopic measurement*  I  content  myself  at  present  with  an  illustration 
I  from  the  vegetable  kingdom. 

I  collected  in  the  autumn  of  last  year,  126  plants  of  Efpiuetum  arven&A 
lin  Ray  dale  Side,  an  offshoot  of  Wens  ley  Dale ;  the  plant  was  growing 
Ion  a  lane  side  high  up  above  Semmerwater.  This  Equisehtm  grows  from 
I  the  top  with  a  single  stem,  and  I  counted  the  number  of  branches  to 
[the  whorl  from  the  root  upwards.  As  a  nde,  there  w*iH  be  one  or 
[two  whorls  dose  to  the  soil  which  have  never  developed  any  branches 
lat  all  ■  then  we  have  what  I  shall  term  the  first  whori  in  which  some 
Ibranches  have  developed,  but  the  number  is  irregular  and  obviously 
Isubject  to  some  cause  of  variation^  other  than  the  growth  law  of  the 
Iplant,  The  number  of  branches  to  the  whorl  then  increases  uniforraly 
land  steadily  up  to  the  4th  whorl,  after  which  it  falls  almost  equally 


I 
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when  gathered  at  least  as  far  as  the  12th  or  Idth  whorl,  and  I  doubt 
whether  even  beyond  this  so  late  in  the  season,  any  further  branching 
would  have  taken  place.  A  few  branches  were  broken  off,  and  these 
were  of  course  counted ;  there  was  no  difficulty,  however,  in  easily 
ascertaining  whether  a  branch  had  in  any  case  been  developed  or  not, 
and  the  peculiarity  of  the  1st  whorl  was  certainly  not  due  to  missing, 
but  to  undeveloped  branches. 

Table  V  gives  the  relation  between  branches  to  the  whorl  and 
position  for  the  whole  of  the  126  plants.  In  two  columns  to  the  right 
are  given  the  means  and  variabilities  of  the  branches  for  each  whorl. 

Now,  whether  we  judge  by  mean  or  standard  deviation,  we  see 
a  perfectly  gradual  change  from  whorl  to  whorl,  which  absolutely 
precludes  us  from  considering  the  number  of  branches  to  the  whorl 
as  a  pure  homotypic  character.  We  see  a  marked  differentiation  due 
to  position  of  the  whorl  on  the  plant ;  the  whorls  are  homologous  but 
not  homotypic  parts. 

Suppose,  however,  that  we  disregard  our  test  for  differentiation,* 
and  proceed  to  find  a  correlation  table  for  the  whole  material  as 
homotypic.  We  have  Table  VI,  for  which  I  have  to  heartily  thank 
Dr.  Alice  Lee. 

The  value  found  for  the  homotypic  correlation  from  this  table  is 

p  =   -0-0064  ±0-0185, 

or,  there  is  no  sensible  homotji^osis  at  all. 

But  we  might  have  gone  to  the  other  extreme  and  taken  only  the 
3rd,  4th,  and  5th  whorls,  which  have  more  nearly  the  same  means  and 
standard  deviations  as  homotypes.     The  result  is  Table  VII,  giving 

P  =  0-7918±0-0129. 

It  will  be  perfectly  clear,  therefore,  as  these  two  results  ought  to  be 
the  same,  if  the  whorls  were  true  homotypes,  that  we  may  get  any 
result  at  all  if  we  neglect  differentiation.!  The  answer  to  this  is  that 
no  trained  biometrician  would  call  these  whorls  "undifferentiated 
like  organs  "  with  the  two  right  hand  columns  of  Table  V  before  him. 


*  On  the  test  for  differentiatioD,  see  '  fiiometrika/  toI.  1,  p.  334. 
t  BateMn,  *  Boj.  Soc.  Proc.,'  toI.  69,  p.  200. 
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Tal>le  VU.  ^Whorls,  3rd,  4th,  aud  5th  only. 
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Now  let  U6  consider  how  to  handle  the  material j  allowing  for  the 
lifFerentiation  of  the  whorls.  To  begin  with,  our  formula  requires 
the  use  of  the  same  numljcr  of  homologous  parts  for  each  organ ismt 
Lnd  it  is,  on  account  of  the  value  of  the  probable  error  of  the  random 
tarn  pie,  undesirable  to  use  fewer  than  100  individuals-  This  leads  to 
"pur  cutting  off  Table  V  at  the  10th  whorl.  In  this  way  we  get  rid 
lilso  of  the  forking,  which  certainly  begins  in  many  individuals  at  the 
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111  suffice  to  demonstrate  this  heterogeneity,  Certnin  individuals  have 
le  normal  nnmber  of  about  8^5  branches  to  this  whorlj  but  a1>out  a  fifth 
the  total  number  of  individuals  only  develop  about  huM  this  normal 
tmber  of  branch es.  To  illuatrate  this  I  have  in  Diagram  2  plotted 
ie  mean  numbor  of  branches  to  the  whorl,  and  fitted  these  means 
ith  a  parabola  of  the  third  order,*  uaing  only  whorls  2  to  10.  The 
|uatioti  to  thifi  parabola  is 

y  -  9 -45 1,443- 0^5  49,4302.r- 0^1 79,988  la;^^  0-008,4206^, 

le  origin  being  at  the  6th  whorl,  and  ij  giving  the  meaa  numlier  of 
huiches  for  x  whorls  from  the  6th,    We  have  the  following  results  : — ^ 


PdsitLon  of  whorU 
1 

Ob^rr^d  number  of 
bmtichdi. 

7-718 

Ciikulaied 
8  752 

2 
3 
4 

9  327 

9-718 
9-827 

9-308 

9-707 
9^898 

5 

6 

7 

9-746 
9-564 
8-891 

9-829 
9  451 

8^714 
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3,938,354.  Further,  if  o-  be  the  standard  deviation  of  the  frequency 
distribution  of  branches,  as  found  from  the  bottom  row  of  Table  VIII, 
we  have 

cr2  =  6-721,083. 

Hence  for  use  in  formula  (x)  we  have,  since  m  =  9, 

— ^^  =  2-415,280,     -\  -/-^  =  0-176,911 {xi\ 

Table  IX  gives  the  uncorrected  homotyposis  for  the  nine  whorls 
treated  as  simple  homotypes.     From  this  I  find, 

p  =  0-131,258  (xu). 

Substituting  (xi)  and  (xii)  in  (x),  we  find  for  the  homotyposis  of  the 
number  of  branches  in  the  whorls  in  Eguisetum  arvense^  when  corrected 
for  differentiation  due  to  position, 

R  =  0-4939. 

This  result  it  must  be  admitted  is  extremely  satisfactory,  and  indi- 
cates how  it  is  quite  possible  to  correct  a  result  like  (xii)  by  allowing 
for  the  differentiation  of  the  homologous  parts  due  to  serial  position.^ 

I  hope  before  long  to  publish  other  results  dealing  with  homotyposis 
in  serial  parts,  where  the  differentiation  has  every  variety  of  intensity. 
I  think  they  will  suffice  to  show  that  differentiation  is  not  a  subtle 
and  evasive  quality  beyond  the  appreciation  of  the  naturalist  who  is 
provided  with  the  training  requisite  for  modem  biometric  research. 

(9.)  The  values  of  K  as  given  by  (ix)  and  (x)  may  be  illustrated 
from  the  actual  numbers  for  Equisetuvi  arvense.  We  have  seen  in  the 
footnote,  p.  304,  that 

This  in  our  case  gives 

1/  =  0-76549. 

But  by  direct  calculation  on  Table  VIII,  using  whorls  2  to  10, 
Dr.  Lee  finds  r^c  =  -0-64616.  Hence  with  the  notation  of  the 
footnote  referred  to 

(r'  =  0-7632  cr,  2j|  =  04104  o-. 

*  The  yalue  obtained  for  the  crude  homotjposU  of  the  members  of  the  whorls 
in  Atperula  odorata  in  mj  first  memoir  was  p  «  01783  (*  Phil.  Trans./  A,  vol.  197, 
p.  326).  I  have  little  doubt  that  when  wo  are  able  next  summer  to  calculate  the 
correction  for  differentiation  in  position  of  wliorl,  we  shall  find  B  for  woodruff  in 
good  accordance  with  other  homotjpic  results.  Mj  remarks  about  it  were  :  "  In 
counting  tlie  members  on  the  whorls  I  soon  found  evidences  of  differentiation  in 
position,  the  whorls  towards  the  top  of  the  spray  haring,  as  a  rule,  fewer  members 
than  those  lower  down  "  {loc.  cii,,  p.  825).  Unfortunately  I  hare  not  kept  my 
records  of  position. 
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Thus  rj  diverges  much  from  Vpc  and  Sn  from  zero.  Indeed,  a  glance  at 
the  diagram  shows  how  far  we  are  from  true  linear  regression.  If 
we  use  ipe  as  above  instead  of  ?;,  i.e.,  (ix)  instead  of  (x),  we  have 

R  =  0-3611, 

a  value  very  much  below  the  actual  value.  This  illastration  will 
suffice  to  emphasise  the  importance  of  testing  the  actual  curve  of 
regression  before  we  assume  it  to  be  linear  and  use  equation  (ix). 

(10.)  The  subject  of  differentiation  due  either  to  position  or  age  is, 
of  course,  a  difficult  one,  but  it  does  not  seem  at  all  beyotid  biometric 
treatment.  The  greatest  difficulty  which  it  seems  to  me  will  have  to 
be  encountered  is  not  that  of  discovering  and  allowing  for  differentia- 
tion due  to  serial  position,  but  in  ensuring  that  when  this  has  been 
allowed  for,  there  is  not  remaining  an  organic  correlation  due  to  the 
necessity  of  adjacent  parts  "fitting."  On  this  account  it  is  most 
desirable  that  as  large  a  number  of  homotypes  as  possible  shall  be 
taken,  so  that  the  part  of  the  correlation  due  to  the  homologous  parts 
having  to  fit,  or,  indeed,  to  serve  a  common  end,  should  be  reduced  to 
as  small  a  quantity  as  possible.  For  example,  if  we  suppose  adjacent 
whorls  to  have  their  number  of  branches  influenced  by  an  organic 
relationship,  this  result  will  only  bias  nine  out  of  the  forty-five  pairs  we 
should  form  in  dealing  with  ten  whorls.  The  question  of  separating 
organic  from  homotypic  correlation  is  one  that  I  hope  to  return  to  at 
a  later  date.  Meanwhile  the  present  paper  will  suffice  to  indicate  how 
partial  correlation  coefficients  enable  the  biometrician  to  free  himself 
from  the  differentiation  between  individuals  due  to  different  periods 
of  growth,  or  to  different  positions  on  the  organism. 

In  conclusion  I  should  like  to  thank  Dr.  Alice  Lee  and  Mr.  F.  E. 
Lutz  for  aid  readily  granted  at  one  or  other  stage  of  this  investiga- 
tion. 


Prof.  J.  T,  Wilson  and  Mr.  J.  R  HilL  [Jan,  21 


^rutntivp  Knot  and  Efirlj"  Gastr illation  Cavity  co-existing  with 
IndtijieiKlent  rrimitive  8treak  in  OmUhorhynch'm''  By 
Trofessor  J.  T,  WiLS<)N,  MJK  tmd  J,  P.  Hill,  b.Sc,,  Univer- 
sity of  Syilney,  Communicated  by  Professor  G.  E,  HowKS 
F.Ti.S.     i^eceived  January  21,— Read  February  12,  1903, 

lAniungst  the  miitei  iiil  at  our  disposal  for  the  investigation  of  the 
Her  .-^tiigt's  in  the  dovclojiment  of  the  Monotremes  ia  an  egg  of 
iMitliurhyrichiis,  measuring  10  x  9"5  mm.  T ho  stage  of  development 
ricntcrf  \iy  this  egg  is  of  such  interest  and  importance  that  we 
VG  flcemcd  it  deserving  of  a  hrief  preUminary  communication. 
The  stage  of  embryonic  organ isiition  would  appear  to  fit  in  as 
iL^dintely  siueeeL*dii]g  tho  oldest  of  the  early  embryos  described  by 
lion,*  viz,,  his  *'  K,/'  (iig.  15,  Tjif,  8).  His  '^Er"  appears^  indeed, 
[have  l>een  older  than  **  Eo,"  but  with  the  exception  of  one  figure 
3£*,  Taf,  f>)  representing  the  atrnetnre  of  the  extra-embryonie 
stodenn,  8enion  gives  no  indication  of  the  conditions  met  with  in 
ovum.  This  is  the  mf>re  to  be  regretted,  as  we  see  reason  to 
lieve   that   ''  E; "  must   have  corresponded  pretty  closely  with  the 
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membrane,  and  distended  by  a  considerable  bulk  of  fluid  material.  It 
is  quite  impossible  to  remove  the  shell  without  serious  damage  to  the 
delicate  blastoderm.  Fixation  with  the  shell  intact  is  imperative,  and, 
as  a  matter  of  fact,  the  result  in  the  way  of  preservation  proves  quite 
satisfactory,  as  evidenced  by  the  condition  of  the  cellular  blastoderm, 
in  which  mitotic  figures  are  well  preserved.  But  even  after  fixation, 
the  opening  up  of  the  ovum  is  attended  with  no  little  risk.  The 
inevitable  evacuation  of  the  contained  fluid  allows  of  crumpling  of  the 
blastodermic  membrane  with  possibility  of  injury  to  the  embryonic 
area.  It  is  impossible,  owing  to  its  size  and  osmotic  difficulties,  to 
treat  the  ovum  throughout  unopened.  Even  were  that  course  practic- 
able, the  impossibility  of  orientation  would  be  an  insuperable 
difficulty. 

After  fixation  and  subsequent  dehydration  in  graded  alcohols,  the 
10  mm.  egg  was  cleared  in  origanum  oil  and  opened.  The  blastoderm 
still  remaining  in  situ  in  relation  to  the  shell  was  examined  from  the 
interior  aspect,  and  was  found  to  possess  at  one  spot  a  small  more 
opaque  area,  somewhat  oblong,  but  rather  irregular.  The  portion  of 
the  blastoderm  containing  this  small  opaque  patch  was  photographed 
by  transmitted  light  at  a  magnification  of  6*5  diameters  for  the  purpose 
of  orientation. 

Our  surmise  that  the  area  in  question  was  of  the  nature  of  an 
embryonic  or  primitive  knot  was  afterwards  confirmed  by  the  exami- 
nation of  serial  sections. 

No  differentiation  in  way  of  an  embryonic  area  in  the  wider  sense 
is  recognisable  in  the  photograph,  nor  was  any  such  discovered  in  the 
course  of  examination  of  the  wall  of  the  blastodermic  vesicle  in  tofo 
under  low  magnification.  We  naturally  concluded  that  the  very 
evident  knot  represented  the  earliest  and  only  differentiated  area,  and 
for  a  time  devoted  our  attention  solely  to  this  area  and  the  blasto- 
derm in  its  vicinity.  The  portion  of  the  blastoderm  containing  the 
knot  was  separated  from  the  remainder  of  the  wall  of  the  vesicle,  and 
was  then  imbedded  and  cut  in  serial  sections.  Examination  of  these 
did  in  fact  show  that  in  the  neighbourhood  of  the  knot,  and  for  some 
distance  from  it,  the  wall  of  the  vesicle  was  destitute  of  any  indication 
of  further  differentiation.  But  towards  the  periphery  of  the  portion 
sectioned  and  comparatively  remote  (nearly  2  mm.)  from  the  knot, 
itself,  we  found  the  commencement  of  a  region  of  thickened  ectoderm 
with  underlying  mesoderm.  Our  attention  thus  being  directed  to 
other  manifestations  of  developmental  activity  in  the  blastoderm  in 
addition  to  the  primitive  knot,  we  found,  in  the  portion  of  the  vesi- 
cular wall  originally  put  aside,  a  quite  extensive  area  showing  im- 
portant changes.  These  amount  to  no  less  than  the  establishment, 
quite  away  from  the  region  of  the  knot,  of  a  distinct  linear  primitive 
streak  formation,  surrounded  by  an  area  over  which  tih^  ^^\,^<ercas\ 
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|er  is  thickeiicd  and  c\xhkti\,  jlikI  within  which  a  mesodermal  sheet 

alrendy  undLTgonc  a  wide  extension, 
tt  is  peculiarly  unfortuTiate  thtkt,  owing  partly  to  the  difficulty  of 
mng  with  the  <lelicate  and  originally  collapsed  and  torn  vesicular 

1  after  the  cutting  open  of  the  egg,  partly  to  the  failure  to  detect 

visible  diflfercntiation  apart  from  the  knot,  and  our  consequent 

hviction  that  the  latter  was  the  sole  traee  of  embryonic  organisation 

present,  the  orientation  of  the  distinct  portions  into  which  the 

ticle  wjta  sepi rated  was  not  adequately  determined  and  preserved, 

thus  became  impossible  for  us  to  guarantee  that  the  planes  of 
Itioning  of  the  remaining  portions  should  be  accurately  coordinated 
Ih  each  other,  or  with  that  of  the  important  piece  first  sectioned, 
failure,  m>t  wliolly  blamew  urtby,  when  the  eondittons  of  the  task 

appreciated  J  has  introduced  an  element  of  conjecture  into  our  au}> 
luent  attempt  to  determine  the  precise  relation  to  the  knot  of  the 
Imitive  streak  area,  of  whose  existence  we  later  on  l:«came  aware, 
IverthelesSj  we  think  that  we  sihall  be  able  to  establish  these  rela.- 
Ins  with  at  least  a  high  degree  of  probability. 

In  this  preliminary   paper  we  propose  to  restrict  ourselves  to  art 
touiit  of  the  highly  interesting  area  which  first  attracted  our  at  ten- 

I,  antl  which  we  have  already  referred  to  as  a  *^  primitive  knoL** 
dmittcd  that  no  uossible  doubt  vnn  l>e  entertained 
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the  larger  diameter  of  the  embryonic  knot,  and  parallel  to  its  pre- 
sumable axis,  on  the  supposition  that  a  clear  spot  near  one  of  its 
margins  represented  the  position  of  the  gastrula  opening  or  blasto- 
pore, thus  determining  the  true  posterior  margin  of  the  knot. 

Examination  of  the  series  did  ultimately  show  that  the  sections 
were  approximately  longitudinal  sections  through  the  gastrula  cavity. 

The  general  character  of  the  egg  at  the  stage  under  consideration 
must  be  briefly  referred  to.  At  the  period  now  dealt  with,  the 
formerly  yolk-laden  ovum  has  become  transformed  into  a  large 
1)lastodermic  vesicle  with  fluid  contents,  amongst  which  are  large 
numbers  of  dispersed  yolk-spheres  of  the  original  yolk-mass.  One 
can,  without  hesitation,  homologise  the  interior  of  the  vesicle  with 
the  subgerminal  cavity  of  a  Sauropsidan  egg,  extended  so  as  to 
include  by  liquefaction  the  whole  of  the  yolk  itself.  Ornithorhynchus 
indeed  may  be  said  to  afford  an  actual  demonstration  of  the  trans- 
formation of  a  Sauropsidan  subgerminal  cavity,  such  as  is  figured 
in  its  first  beginnings  in  Semon's  figures  36  and  38  of  his  "Os," 
into  the  cavity  of  a  mammalian  blastodermic  vesicle,  thus  supporting 
Keibel's  view  of  the  correspondence  of  these  cavities. 

The  establishment  of  the  vesicular  stage  has  been  effected  by  the 
extension  of  the  cellular  blastoderm  completely  around  the  yolk,  a 
condition  representing  a  considerable  advance  on  that  existing  in 
Semon's  figures  "  K.-, "  and  "  O3."  He  does  not  record  the  condition  in 
this  respect  of  his  "  Eo."  He  was  also  unable  fully  to  determine  the  con- 
dition of  "  E7  "  in  this  respect.  We  believe  that  the  latter  must  have 
been  very  similar  to  our  present  stage,  judging  from  the  figure  he  gives 
of  a  portion  of  the  extra-embryonic  blastoderm. 

Not  only  is  the  cellular  wall  of  the  blastodermic  vesicle  complete  in  our 
specimen,  but  it  is  already  bilaminar  throughout,  and  trilaminar  over  a 
not  inconsiderable  area.  A  complete  layer  of  yolk-entoderm  ("  second- 
ary "  entoderm)  has  been  differentiated  lining  the  cavity,  except  under 
the  small  area  of  the  primitive  knot,  with  whose  tissue  it  is  continuous. 
The  yolk-entoderm  cells  are  large  and  swollen,  being  distended  by 
yolk-spheres  of  various  sizes  and  somewhat  different  staining  capacities. 
Owing  to  their  yolk-laden  character  their  protoplasmic  contents  are 
1  datively  greatly  reduced.  The  nuclei  are,  as  a  rule,  large  and  vesi- 
cular. In  the  least  successful  sections  the  entoderm  cells  may  be 
broken  up  and  more  difficult  of  recognition.  We  are  firmly  convinced 
that  it  is  owing  to  the  imperfection  of  the  section  shown  in  Semon's 
figure  39  from  his  "  E7 "  that  such  a  careful  observer  has  been  unable 
to  recognise  the  yolk-entoderm  as  such,  and  figures  it  as  a  zone  of 
vacuolated  coagulum  next  the  surface  of  the  yolk.  '  The  imperfect 
layer  of  angular-looking  cells  which  he  figures  and  regards  as  the 
entoderm  in  "  E7  "  is  not  really  such,  but  forms  an  intermediate  layer 
of  mesodermal  cells. 
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This   layer  of   mejsodcrm   is  well  represented   in  the  stage  under 

lescriptioii.     But  it  hy  no  me^ns  ux tends  throughout  the  whole  extent 

the  blasto<lernnt;  vesicle,  nor  iss   it  met  with  at  all  at  or  in  the 

Inmediate  \nciuity  of  the  primitive  knoL     It   is  found   most   fully 

|eveloj>ed  in  jiiul  around   the  primitive  stre^ik  ;irea,  and  here  it  is 

:>ntinuous  with  the  ectodurmal  thickening  of   the  primitive   streak 

,^'.j  paraxially)^  where   it  attains   gi^eater  thickness  and  consists  of 

hvcnil  layers  of   cells.      Out  weirds   from  the   line  of   the   primitive 

Itrmk*  it  thins  miL  gradually  into   a  single  layer,  and  further  out 

L^comes  paUhy  nnd  incomplete.     It  is  throughout  distinct   and   in- 

lependent  of  the  underlying  yolk-en  toderm,  which  ean  be  followed 

^1  rough     the    wholu   wall   csf    the   vesicle.     We    have    several   pre- 

tiratione  of   small    portions   uf   the  w^all  of  the   vesicle   stained  and 

kounted  lit  tofOj  which  give  clear  demonstration  of  the  huge  yolk-laden 

■itodorra  cells  farming  a  continuous  lining  of  the  v<?sicle  wal Imprecisely 

figured  by  Hill  ami  JMartinf  in  a  considerably  later  stage. 

The  ectoderm  of  the  vesicle  wall  thr<jughout  the  greater  part  of  its 

ctent  forms  a  membrane  cuJiwiistLJig  of  very  thin  flattened  cells  closely 

bplied  to  the  vitelline  membrane.     This  character  it  retains  in  the 

Sciiiity  and   over  a  portion  nf    the   primitive   knot.     But   over   the 

bgion  already  refiTred  to  as  the  primitive  streak  area,  remote  from 

posterior  to)  the  primitive  knot  and  extending  outwards  no  as  to  l>e 
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in  size  with  that  now  described.  It  is  to  be  regretted  that  Semon's 
specimen  was  lost  through  accident,  so  that  no  further  comparison  can 
be  instituted.  There  is,  however,  a  general  resemblance  between 
fig.  15  of  Semon's  £«  and  his  figs.  14  and  18  showing  areas  from 
other  eggs  of  Echidna  (E5)  and  Ornithorhynchus  (Os).  The  dimen- 
sions of  these  can  be  calculated  and  are  both  found  somewhat  to 
exceed  those  of  our  primitive  knot,  in  spite  of  their  relatively  younger 
ages.  It  is  therefore  difficult  to  say  to  what  extent  the  areas  I'eferred 
to  (of  Ee  and  E5  and  Os)  correspond  to  our  primitive  knot.  We  are, 
however,  of  opinion,  that  Ee,  though  probably  younger,  must  have 
pretty  closely  corresponded,  and  there  can  be  little  doubt  but  that  the 
centre  of  the  other  areas,  at  least,  is  later  on  developed  into  an  actual 
primitive  knot.  The  sectional  figure  of  Os  shown  in  fig.  38,  inter- 
preted by  Semon  as  showing  the  commencement  of  gastrulation,  may 
possibly  bear  this  interpretation,  but  we  cannot  feel  satisfied  that  the 
granular  coagulum  layer  between  the  cellular  layer  and  the  surface 
of  the  yolk  shown  in  this  figure  has  been  adequately  interpreted, 
especially  in  view  of  our  complete  conviction  that  in  fig.  39  the  layer 
represented  in  somewhat  similar  fashion  is  beyond  all  doubt  really 
yolk-entoderm. 

We  do  not  wish  to  be  taken  as  suggesting  that  here  in  O3  the 
coagulum  represents  differentiated  yolk-entoderm.  We  are  simply  not 
convinced  beyond  all  doubt  that  all  the  formed  cell  elements  of  this 
area  in  Os  are  disposed  in  the  form  of  a  superficial  continuous  membrane 
as  shown  in  fig.  38,  more  especially  in  view  of  the  totally  different 
condition  of  the  nearly  related  stage  E5,  as  illustrated  in  the  sectional 
fig.  33,  and  of  the  condition  described  below  in  our  own  somewhat 
later  stage  in  Ornithorhynchus. 

The  general  form  of  the  embryonic  knot  has  already  l>eeu  noted. 
A  schematic  surface  projection  of  its  outline  is  shown  in  fig.  1 .     This 


Fig.  1. 


prk. 


figure  represents  a  plane  reconstruction  of  the  area  of  the  knot,  com- 
piled from  the  serial  antero-posterior  sections  through  the  region. 
One  of  the  more  typical  of  these  sections  is  also  figured  8etv\v^^^gc^- 
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[latically  in  f]^.  2.     More  adequate  il lustration  by  photomicrography 
M\d  otherwise  will  he  forthcoming  in  a  future  communication. 
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front  without  change  of  character  as  far  as  the  transversely  elongated 
blastopore  seen  in  fig.  1  and  in  section  in  fig.  2.  Thence  it  is  con- 
tinued round  the  anterior  lip  of  the  blastopore  so  as  to  line  the  roof  of 
the  blastoporic  (archenteric)  canal  or  gastrula-cavity. 

Posteriorly  to  the  knot  the  thin  ectoderm  is  continued  forwards, 
but  on  reaching  the  posterior  edge  of  the  knot,  its  cells  lose  their 
markedly  flattened  character,  and  become  continuous  with  a  mass  of 
cuboidal  or  even  rounded  cells,  which  forms  the  prominence  of  the 
posterior  lip  of  the  blastopore.  The  superficial  cells  of  this  mass  do 
not,  however,  wholly  surrender  their  epithelial  arrangement,  and  arc 
continued  forwards  in  the  hinder  wall  and  floor  of  the  gastrula-cavity 
to  complete  the  cellular  lining  of  this  cavity.  This  cellular  lining 
consists,  for  the  greater  part  of  its  extent,  of  large  and  cuboidal  cells, 
but  in  the  hinder  part  of  the  roof,  and  extending  from  this  upwards 
around  the  anterior  lip  of  the  blastopore,  the  cells  are  more  flattened, 
ultimately  becoming  continuous  with  the  thin  ectoderm  overlying  the 
anterior  part  of  the  knot. 

Figs.  1  and  2  together  enable  one  to  realise  the  form  of  the  gastrula- 
cavity  as  a  wide,  but  dorso-ventrally  flattened  cavity  opening 
|)osteriorly  by  a  transversely-elongated  blastoporic  aperture. 

The  posterior  lip  of  the  blastopore  is  formed  by  a  mass  of  cells 
which,  if  not  wholly  indifferent,  at  least  show  a  less  clear  diflferentia- 
tion  into  superficial  and  deep  than  is  found  elsewhere. 

As  was  indicated  at  the  outset,  the  resemblance  between  the 
primitive  knot  in  Ornithorhynchus  and  that  found  in  a  number  of 
reptilian  forms  is  very  striking.  We  would  particularly  draw  attention 
to  the  figures  by  Mitsukuri*  of  the  primitive  knot  in  Chelonia,  and 
more  especially  to  his  figs.  9  and  13  on  Plate  8,  which  show  a 
luiniukable  similarity  to  the  condition  here  described,  in  all  essential 
features.  In  Ornithorhynchus  we  lack  entirely  the  columnar  arrange- 
ment of  the  ectoderm  over  the  knot,  and  the  anterior  lip  of  the  blasto- 
pore there  shown,  otherwise  the  characters  both  of  the  knot  and  of  the 
gastrula-cavity  and  its  wall  apjKJar  to  be  almost  identical  with  those 
figured,  esjHJcially  in  Mitsukuri's  fig.  9,  Plate  8. 

In  a  future  mol^»  extended  communication  we  hope  to  illustrate  more 
adequately  the  jwints  above  set  forth,  and  in  addition  to  add  something 
in  the  way  of  elucidation  of  the  fate  of  the  primitive  knot  in  somewhat 
later  stages.  We  propose  also  to  describe  and  illustrate  the  con-^ 
dition  of  the  primitive  streak  area,  which  at  the  period  now  dealt  with 
already  co-exists  with,  though  independently  of,  the  primitive  knot, 
but  which  later  by  extension  comes  hito  more  intimate  relationship 
with  the  knot. 

*  K.  Mitsukuri,  "  On  tbo  Procesa  of  GtMirulation  in  the  Obelunia,"  '  Journ.  Coll. 
S(  i.,  Jupan/  vol.  -6.  Cf,  aho  Qertrude  0.  Da?eaport,  *  Radcliffe  Coll.  Monograph/ 
Xo.  8.    Bostou,  1896.    Dendy,  *  Qu.  Jl.  Micro.,  Sci.,'  vol.  42,  p.  18,  IS^. 
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The   mere   fact   of  ita   co-existence  at  thia  stage  with   the  knot, 
I  necessarily    OLC^vsioiis    wo  me    recoHsidei'atioii    of    the    morphological 
IrelatioiiBhip  of  the  miiiunialiHii    primitive    streak  to    the    process   of 
^uairulution. 


y-  The  IWmi  ut  the  Aicha-^xcii. '*  By  a  Elliot  Smith,  JLA.,  M.U.. 
Fellow  of  St.  Johii'y  College,  Cauibridgts,  Professor  of  Aimtoiiiyi 
Egyptian  GovenimeiiL  Seliool  of  Mudic^iue,  Caim.  ConiimiiiU 
cated  by  Prf»fet5sor  U.  IS.  Howes,  LLJJ,.  D.8c.,  F.E.S.  Ki;- 
ceived  January  15, — Eead  February  12, 190S. 

Ho  U%i'  as  I  have  been  ubie  to  ascertain,  nothing  whatever  is  known 

I  of  the  form  of  the  Ijrahi  or,  mare  atrictly,  of  the  cranial  ca\ity  in 

I  he  Archa^oceti,     Hence  no  apology  h  needed  for  presenting  even  this 

imperfect  account  of  two  cranial  casts  representative  of  this  su)>order, 

which  have  come  into  my  hanrls?. 

Among  ihe  ICorene  remains  fourui  in  the  Faydm  region  of  the 
Egyptian  dof^cri  by  Mr.  H.  -L  L.  Beadnell  and  Dr.  Charles  W, 
Andrews,  in  1901^  there  waja  a  liroken  skull  of  ZniijliMhm^l  from  which 
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several  peculiarities  of  the  natural  cast — such,  for  example,  as  the  form 
of  the  caudal  part  of  the  cerebellum  and  the  shape  of  the  cerebral 
hemispheres — which  arc  difficult  to  reconcile  with  the  artificial  mould, 
even  if  we  admit  that  the  inner  face  of  the  cranium  (from  which  the 
latter  was  made)  is  damaged  or  imperfectly  cleaned.  The  differences, 
nevertheless,  are  sufficiently  pronounced  to  indicate  a  generic  dis- 
tinction between  the  two  specimens;  and  in  this  connection  it  is 
interesting  to  recall  a  statement  made  by  Dr.  Andrews  in  his  first 
reference  to  Zeuglodan,  as  '*  including  apparently  Dames'  Z.  Osiris,  and 
perhaps  a  second  species."*  It  would,  however,  be  very  unwise, 
because  it  would  serve  no  useful  purpose,  and  possibly  lead  to  error, 
to  found  a  new  genus  or  even  a  new  species  on  the  evidence  of  this 
natural  cranial  cast,  when  our  source  of  information  concerning  the 
known  genus  {Zeuglodon)  is  as  unsatisfactory  as  that  obtainable  from 
the  artificial  one  about  to  be  described.  More  especially  so,  when  it  is 
remembered  that  in  the  case  of  the  only  indisputable  facts  (».«.,  size 
and  general  form)  the  two  casts  are  agreed.  I  shall  therefore  merely 
describe  and  attempt  to  explain  the  meaning  of  the  form  of  the  two 
specimens,  and  leave  the  question  of  the  specific  identity  open  for 
future  research. 

The  general  appearance  of  the  brain  is  extraordinarily  peculiar 
(figs.  1  and  2).  The  shape  of  the  anterior  part  of  the  natural  cast 
(fig.  1,  a  and  h)  closely  resembles  the  cerebrum  of  a  Lizard  greatly 
magnified.  An  anterior  prismatic  stalk  (a),  representing  the  pedunculi 
olfactorii,  suddenly  expands  into  a  plump,  broad,  smooth  mass  (Z>), 
showing  the  form  of  the  chief  part  of  the  cerebrum.  The  maximum 
breadth  of  the  two  hemispheres  (fig.  I,  ()  is  95  mm. ;  the  greatest 
length  of  each  (measured  in  front  from  the  point  where  the  ventral 
surface  of  the  olfactory  peduncles  appear  to  expand  into  the  chief  mass 
of  the  hemisphere)  is  47  mm. ;  and  the  maximiun  depth  is  54  mm. 
Each  cerebral  hemisphere  (exclusive  of  the  olfactory  peduncle)  is 
slightly  broader  than  it  is  long. 

The  two  olfactory  peduncles  are  represented  in  the  natural  cast  by 
a  single  prismatic  process.  This  extends  forward  for  a  distance  of 
37  mm.  (measured  along  the  dorsal  edge)  in  front  of  the  point  where 
the  expansion  to  form  the  hemispheres  commences;  and  as  the 
peduncles  are  broken  across  there,  it  is  not  possible  to  estimate  their 
total  length  or  the  shape  and  size  of  the  olfactory  bulbs. 

The  coronal  section  formed  by  its  anterior  (broken)  surfjice  gives 
an  isosceles  triangle  with  a  base  measuring  8*5  mm.  and  sides  of 
10  mm.  each.  It  expands  as  it  passes  backward,  so  that  at  its  junc- 
tion with  the  rest  of  the  hemisphere  its  sides  are  each  19  mm.  and  its 
base  16  mm.  in  length. 

In  the  artificial  cast  (fig.  2)  all  that  represents  this  extensive 
*  *(>eolopoal  Magazine/ September,  1M\,^«AI5\, 
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olfactory  stalk  is  an  irregular  rostnim  mnth  two  small  boss-like  projec- 
tions, one  above  the  other  (a  and  a')*     The  cerc!>ral  hemisphorea  in 

I  the  nattira!  cast  have  a  broarl  base,  from  which  the  sides  cxt^nfl  up 
ward  toward  the  narrow  dorB.d  Hurrice  with  a  gradual  slope.  In  the 
artificial  cast,  however,  thB  lateral  parts  of  the  hemispheres  s&em  to 

I  he  expandtnl  into  full  rounded  swellingfi. 

Then,  again,  the  anteichposterior  diameter  of   the   hemisphere   is 

I  much  shorter  {bein^  ubnuL  13  mm.  less)  than  it  is  in  the  natural  cast, 

I  although  the  l>rcarlth  of  the  two  specimens  is  approximately  the  aamo. 


IK 
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there  is  (in  the  natural  cast)  a  large,  irregular  mass  of  a  very  peculiar 
shape,  not  exactly  comparable  to  the  condition  occurring  in  any  other 
brain  known  to  me. 

Immediately  behind  the  hemispheres  (b)  there  is  a  great  transverse 
bar  (c)  measuring  125  mm.  in  the  transverse  direction — t,e.^  extending 
on  each  side  15  mm.  beyond  the  lateral  margin  of  the  cerebnim  {h). 

Each  lateral  extremity  of  this  mass  (c)  is  expanded  to  form  a  large 
buttress.     In  the  natural  cast  these  buttress-like  masses  are  practically 


Fig.  2. — Dorsal  aspect  of  the  artificial  cranial  cast  of  Zeuglodon.  %  natural  size, 
a,  5,  c,  dy  as  in  fig.  1.  a\  the  dorsal  rostrum,  and  h\  an  irregular  boss  on  the 
cerebral  hemisphere.  (These  are  probably  due  to  imperfections  in  the 
cranium.) 

vertical,  and  of  uniform  thickness ;  whereas  in  the  artificial  cast  they 
are  obliquely-placed,  and  expanded  ventrally.  In  the  natural  cast  the 
mesial  continuation  of  these  thick  lateral  masses  (each  of  which 
measures  30  mm.  antero-posteriorly)  becomes  reduced  to  a  bridge 
measuring  only  5  or  6  mm.  [the  exact  figure  cannot  be  stated,  because 
a  piece  of  bone  (fig.  1,  e)  partially  covers  this  region]. 

In  the  deep  concavity  behind  the  narrow  bridge  of  the  area  c  (in  the 
natural  cast)  two  rounded,  irregidar,  walnut-like  bosses  project,  one  on 
each  side  of  the  middle  line  (fig.  1,  d).     Each  of  these  is  26  taxxvAw 
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ilianieter,  atul  is  pliiced  so  obliquely  that  its  surface  looks  almost 
Wircctly  backward.  Shallow  but  clearly  defined  furrows  separate 
these  two  bodies  f loni  each  other  and  from  the  area c.  In  the  artificial 
pjist  there  is  oidy  a  very  faintiy-marked  indication  of  these  bodies 

At  n  first  glance  it  might  seem  that  they  represent  the  whole  cere- 
l>elluni,  ill  w  hi  ell  vase  *■  would  be  part  of  the  cerebrum  !  But  careful 
Ixsimination  of  the  natural  cast  renders  such  an  interpretation  highly 
I ni probable,  and  tompailson  with  the  artificial  cast  seems  to  finally 
WtJiblish  the  1  relief  that  the  whole  of  the  region  marked  ^  forms  part  of 
the  cerebellum. 

it  is  eKLraoniinanly  difficult  to  accurately  interpret  this  peculiar 
lorTQ  of  cerebellum.  A  comparison  with  other  primitive  types  of 
be  rebel  Inm*  points  to  the  proTi  ability  that  the  lateral  buttresses  of  the 
liiss  r  repT-esent  tlie  flocculaf  lobes,  and  that  the  walnutlike  mass  {d} 
represents  the  cerebellar  lobule  which  I  have  called** area  C  "  (op.  ct/,, 
I  Catalogue/ p.  L^ll),  If  it  be  objected  that  the  lateral  buttress  dike 
pass  is  much  too  extensive  to  be  entirely  "  floccular/*  attention  may 
he  called  tct  the  fact  that  in  the  large  aquatic  Sirenia,  which  have 
retained  an  exceedingly  primitive  type  of  brain,  the  floccular  ioljes  are 
trsoi'mons    in    comparison    ivith   those   of    other    mammals   (op,   cU,^ 
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brain  dwindle  to  very  small  proportions.  In  the  Odontoceti  the 
olfactory  bulb  and  its  peduncle  actually  disappear.  The  Archseoceti, 
therefore,  are  subject  to  two  factors,  which  will  account  in  some 
measure  for  their  small  cerebrum.  For,  in  addition  to  the  smallness  of 
the  brain  to  which  most  Eocene  mammals  are  subject,  there  is  their 
aquatic  mode  of  life.  This  causes  a  reduction  in  size  of  just  those 
portions  of  the  pallium  which  form  the  greater  part  of  the  Eocene 
hemispheres. 

In  the  modern  Cetacea  the  neopallium  attains  to  the  greatest 
absolute  size  which  it  ever  reaches  in  any  mammal.  This  fact  cannot, 
however,  be  considered  fatal  to  the  belief  in  the  close  affinity  of  the 
Archfieoceti  and  the  Cetacea,  because  the  extraordinary  dissimilarity 
between  the  brains  in  the  two  sub-orders  is  such  as  we  know  to  have 
been  produced  by  the  operation  of  well-recognised  causes  in  the 
long  lapse  of  time  which  separates  the  dawn  of  the  Tertiary  period 
from  the  present  day.  In  all  mammals  which  lead  a  life  'Mn  the 
open"  it  has  become  a  condition  of  their  survival  that  the  neo- 
pallium must  increase  in  size  in  each  successive  generation:  failing 
this,  the  creature  must  either  adopt  a  "  retired  and  safe  mode  of  life  " 
or  become  extinct.  Numerous  examples  might  be  quoted  in  support 
of  this  hypothesis.  But  the  case  of  the  Sirenia  shows  us  how  little 
we  really  know  of  the  factors  which  determine  the  size  of  the  brain. 
These  creatures  began  the  struggle  for  existence  in  Eocene  times  with 
relatively  large  brains,  in  spite  of  their  aquatic  mode  of  life;  and 
they  have  been  succeeded  by  generations  of  descendants  whose  latest 
progeny  at  the  present  day  have  a  brain-equipment  only  slightly 
superior  to  their  earlier  Tertiary  ancestors  (vide  'Catalogue,'  op.  ciL, 
p.  344,  et  seq.).  Even  if  we  admit  that  the  modern  Manatees  and 
Dugongs  lead  an  eminently  safe  and  retired  life,  which  is  in  marked 
contrast  to  the  venturesome  and  "open"  life  of  the  whales  and 
porpoises,  much  still  remains  to  be  satisfactorily  explained. 

Perhaps  the  most  striking  feature  of  the  brain  of  Zeuglodoii  is  the 
extreme  disproportion  between  the  size  of  the  enormous  cerebellum 
and  the  diminutive  cerebrum.  In  this  respect  the  fossil  brain  presents 
a  most  marked  contrast  to  that  of  all  recent  mammals,  and  especially 
to  that  of  the  Cetacea.  This  relatively  great  size  of  the  cerebellum 
is  not  peculiar  to  the  Archseoceti,  but  is  common  to  other  extinct 
mammals  of  large  size.  In  my  memoir  on  the  brain  in  the  Edentata* 
the  difficulty  presented  itself  of  adequately  explaining  a  similar 
phenomenon  in  Glyptodon ;  and  it  must  be  borne  in  mind,  in  even 
attempting  to  do  this,  (1)  that  the  obtrusive  greatness  of  the  cere- 
bellum presents  itself  only  in  large  mammals  and  not  in  lowlier 
vertebrates,  and  (2)  that  the  size  of  the  cerebellum  is  not  proportionate 

•  "The  Brain  in  the  Edentata,'*  'Linnean  Society's  Trans.,*  2nd  series,  Zoology, 
vol.  7,  part  7, 1899,  p.  381. 
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^o  thiit  of  the  cerebrum.  In  the  case  of  Ghjptodon  I  four  yeai^  ago 
Fit  tempted  to  expLiin  these  facts  in  this  manner. 

The  developnierit  of  the  neopallium  in  mammala  opens  up  the 
poBsihility  of  the  performance  of  many  more  complex  miiacular  acts 
than  are  possible  in  the   Amphibia  or  Heptilia :    these   acts  require 

co-ordinating  meclmirism^  the  m^e  of  which  wiUhe  largely  determined 
by  the  bulk  of  the  muscular  masses,  the  actions  of  which  are  to  be 
iiarmonised^  and  the  extent  of  the  sensory  surfaces  which  send  into 
the  eere>)eUum  streamK  of  controlling  impulses.  A  large  cerebellum 
IH  being  demanrled  hy  a  large  mammalian  body,  even  if  the  cerebrum 

small.      I  cannot  offer  any  more  satisfactory  explanation  of   the 

agnitude  of  the  cerebellum  in  ZrfffjloJon  than  this. 

It  ia  clear  from  the  foregoing  that  the  extraordinarily  great  contrast 
^n  the  appearance  of  the  hrain  of  the  Arehaioceti  and  that  of  the 
;!etacea  cannot  liic  urged  iis  ii  reason  against  their  kinship,  when  it  is 
hememlwrerl  that  the  operation  of  known  factors  is  quite  sufficient 
bo  explain  the  transformation  of  the  one  type  into  the  other  in  the 
time  which  has  sepirated  the  Eocene  period  from  the  present. 

f laving  disposed  of  these  negative  arguments ,  wo  may  consider  the 
positive  evidence  for  Cetacean  affinity  in  the  brain  of  Zeuglmlon. 

The   shape   of    the   cerebrum,  and   especially   its   relatively   great 


1903.] 


TJie  Bi*ain  of  the  ArcJueoceii 


329 


Cetacea.  There  are  no  characters  of  the  brain  of  the  modem 
Cetacea  which  can  be  regarded  as  certainly  distinctive,  if  we  put 
aside  such  features  as  the  extreme  dwindling  of  the  olfactory 
apparatus,  and  the  enormous  development  of  the  neopallium.  Both 
must  be  regarded  as  late  acquisitions,  not  to  be  expected  in  an  Eocene 
mammal.  Under  these  circumstances  these  slight  points  of  positive 
evidence  of  the  relationship  of  the  Arch»ooeti  and  Cetaoea  must  bo 
allowed  some  value,  as  reinforcing  the  testimony  of  the  skeletal  parts. 

If  we  seek  to  institute  closer  comparisons  between  the  brain  of 
Zeu^jlodon  and  of  the  Odontoceti  and  Mystacoceti  with  a  view  to  the 
determination  of  its  relationships,  we  are  not  unnaturally  doomed  to 
disappointment.  It  might,  perhaps,  be  supposed  by  some  anatomists 
that  the  absence  of  an  olfactory  bulb  in  the  Odontoceti  might  point 
to  a  closer  affinity  of  Zeuglodon  to  the  Mystacoceti,  in  which  a  small 
olfactory  apparatus  is  retained.  But  there  is  every  indication  that 
the  olfactory  apparatus  of  the  Odontoceti  has  become  aborted  quite 
recently. 

Thus  in  a  specimen  of  the  embryonic  brain  of  the  Narwhal  {Monodmi), 
which  was  given  to  me  some  years  ago  by  Professor  Howes,  the  remains 
of  the  olfactory  bulb  (fig.  3,  h,o,)  are  still  quite  visible  as  a  small  umlnli- 


Fio.  3. — Ventral  aspect  of  brain  of  an  early  foetus  of  Mono^on,  Katnral  size. 
a.d.f  locus  perforatus  (desert  region) ;  i.o.,  bulbus  olfactorius ;  /.jp.,  lobus 
pyriformis. 

cate  area  in  part  of  the  "  desert  region "  of  Broca  (fig.  3,  o.d.), 
wherefore  it  follows  that  in  the  early  embryo  the  olfactory  bulb  and 
pe<luncle  develop  as  in  all  other  mammals.  Moreover,  in  all  Odontoceti 
traces  of  the  pyriform  lobe  are  found  even  in  the  adult ;  and  in  the 
1)raiii  of  Kogia  Greyi  the  rhinal  fissure  and  the  typical  (macroscopically 
only)  pyriform  lobe  are  retained  in  a  form  as  clearly  defined  as  that 
of  any  macrosmatic  mammal  (fig.  4).  Professor  Haswell,  in  describing 
this  brain*  emphasises  the  fact  that  **  the  most  remarkable  feature  of 

*  W.  A.  Haswell,  *'  On  the  firsin  of  Orey's  Whale  (Kogia  Gre^)"  *Linnean 
Society  of  New  South  Wales  Proc.,'  vol.  8,  1883  (publ.  1884),  pp,  4W— ^aa^ 
pi.  XXI. 
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is  410  c.c.  If  the  necessary  corrections  and  estimations  be  made  from 
this  gross  cubic  capacity,  the  weight  of  the  brain  in  the  Archasoceti 
must  have  been  considerably  less  than  400  grammes,  and  perhaps 
nearer  300,  as  against  that  of  the  recent  Cetacea,  which  ranges  from 
455  grammes  in  Kogia  (Haswell)  to  4,700  grammes  in  Balcenoptera 
<Guldberg). 


^'The  DifiFerential  Invariants  of  a  Surface,  and  their  Geometric 
Significance."  By  Professor  A.  E.  Forsyth,  ScD.,  F.K.S. 
Received  February  14, — Read  March  5,  1903. 

(Abstract.) 

The  present  memoir  is  devoted  to  the  consideration  of  the  diffcr- 
•ential  invariants  of  a  surface ;  and  these  are  defined  as  the  functions 
of  the  fundamental  magnitudes  of  the  surface  and  of  quantities  con- 
nected with  curves  upon  the  surface  which  remain  unchanged  in  value 
through  all  changes  of  the  variables  of  position  on  it.  'They  belong 
to  the  general  class  of  Lie's  differential  invariants ;  and  some  sections 
of  them  were  obtained  about  ten  years  ago  by  Professor  Zorawski,  who, 
for  this  purpose,  developed  a  method  originally  outlined  by  Lie. 
Earlier,  they  had  formed  the  subject  of  investigations  by  a  number  of 
geometers,  among  whom  Beltrami  and  Darboux  should  be  mentioned. 

Professor  Zorawski's  method  is  used  in  this  memoir.  In  applying  it, 
A  considerable  simplification  proves  to  be  possible ;  for  it  appears  that, 
^t  a  certain  stage  in  the  solution  of  the  partial  differential  equations 
•characteristic  of  the  invariance,  the  equations  which  then  remain 
unsolved  can  be  transformed  so  that  they  1>ecome  the  partial  differential 
•equations  of  the  system  of  concomitants  of  a  set  of  simultaneous 
binary  forms.  The  known  results  of  the  latter  theory  can  then  be 
used  to  complete  the  solution. 

The  memoir  consists  of  two  parts.  In  the  first  part,  the  algebraic 
expressions  of  the  invariants  up  to  a  certain  order  are  explicitly 
obtained ;  in  the  second,  their  geometric  significance  is  investigated. 

An  invariant,  which  involves  the  fundamental  quantities  of  a 
surface  E,  F,  G,  L,  M,  N  (these  determine  the  surface  save  as  to 
position  and  orientation  in  space)  and  their  derivatives  up  to  order  n, 
as  well  as  the  derivatives  of  functions  <^,  ^,  of  position  on  the 
surface  up  to  order  »+  I,  may  itself  be  said  to  be  of  order  n.  The 
invariants  up  to  the-  second  order  inclusive  are  obtained.  It  appears 
that,  if  two  functions  <^  and  ^  occur,  all  the  invariants  that  occur 
up  to  the  second  order  can  be  expressed  algebraieaVbj  Vxv  \«rKvs>  <A 

VOL.  LXXI.  ^  ^ 
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29  algebraically  independent  invariants ;  while,  if  only  a  single  function 
4>  occurs,  all  the  invariants  that  occur  up  to  the  second  order  can  be 
expressed  in  terms  of  20  algebraically  independent  invariants. 

The  significance  of    these  respective  aggregates  of    29  and  of  20 
invariants  is  obtained  in  connection  with  curves 

<^  =  0,  v^  =  0, 

drawn  upon  the  surface.  The  investigation  reveals  new  relations 
among  the  intrinsic  geometric  properties  of  a  curve  upon  a  surface. 
In  particular,  up  to  the  second  order,  four  such  relations  exist  for  a 
single  curve ;  and  their  explicit  expressions  have  been  constructed. 


"  The  Electrical  Conductivity  of  Solutions  at  the  Freezing-point 
of  Water."  By  W.  C.  D.  Whetham,  F.RS.,  Fellow  of  Trinity 
College,  Cambridge.  Eeceived  February  14, — Read  March  3,. 
1903. 

The  following  paper  contains  an  account  of  experiments  which 
bring  to  greater  concentrations  the  series  of  measurements  on  the 
conductivities  of  dilute  solutions  at  the  freezing  point,  communicated 
to  the  Royal  Society  in  February,  1900.*  The  work  has  been  carried 
on  at  intervals  during  the  last  two  years,  and  was  made  possible  by 
the  kindness  of  Professor  Ewing,  who  placed  a  room  at  the  Cambrid^ 
Engineering  Laboratory  at  the  disposal  of  the  writer  and  his  wife. 

The  earher  experiments  were  originally  planned  in  connection  with 
the  observations  undertaken  by  Dr.  E.  H.  Griffiths  on  the  freezing 
points  of  corresponding  solutions ;  they  were  therefore  conducted  in  a 
platinum  cell  of  design  similar  to  that  used  by  Griffiths,  with  the 
object  of  eliminating  any  solvent  action  of  glass.  Any  such  action 
would  be  quite  inappreciable  at  the  concentrations  used  in  the  experi- 
ments now  to  l>e  described  ]  resistance  cells  of  glass  were  consequently 
used,  and  the  labour  of  observation  was  much  reduced. 

The  structure  of  the  cells  is  shown  in  figs.  1  and  2 ;  that  illustrated 
in  fig.  1  was  made  of  Jena  glass,  and  reserved  for  the  more  dilute 
solutions.  Each  cell  is  so  arranged  that  by  applying  a  slight  exhaus- 
tion, the  whole  of  the  contents  can  be  drawn  up  into  a  bulb ;  by  this 
means,  when  water  or  stock  solution  is  added,  complete  mixture  can 
}>e  easily  secured.  The  method  of  preparing  the  solutions  was  usually 
the  same  as  that  formerly  employed ;  the  pure  solvent  was  placed  in 
the  cell,  and  its  weight  and  resistance  determined ;  weighed  quantities 

•  *Phil.  Trans.,'  A,  yoL  194  (190)),  p,  82L 


1903.] 


SoltUions  at  the  Freezing-point  of  Water, 


333 


of  stock  solution  were  then  added  successively,  the  resistance  being 
measured  after  each  addition.  When,  however,  the  solutions  ap- 
proached saturation,  this  procedure  was  reversed ;  the  stock  solution 
was  first  examined,  and  was  then  diluted  by  a  weighed  quantity  of 
water. 


Fig.  1. 
(i  full  size.) 


Fig.  2. 
(ifuUsize.) 


The  resistance  cell  was  placed  in  a  tin  bath  filled  with  melting  ice. 
At  first,  a  thermometer  was  inserted  in  the  cell,  and  the  observations 
postponed  till  its  readings  became  steady  at  0°  centigrade ;  but  it  was 
soon  found  that  the  resistance  itself  gave  a  more  sensitive  and  con- 
venient means  of  thermometry.  Measurements  were  taken  at  intervals 
till  they  became  constant ;  the  cell  being  always  completely  immersed 
in  ice,  the  result  thus  obtained  shows  the  resistance  at  0".  As  an 
example,  the  following  numbers  may  be  given : — 


Time. 

12.45 

12.55 

1.12 

1.16 

1.18 


Resistance. 
2179 
2191 
2202 
2202 
2202 


It  was  intended  to  make  up  the  solutions  in  the  resistance  cell 
while  it  was  immersed  in  the  ice,  but  condensation  of  water  from  the 
atmosphere  was  found  to  occur  on  the  inside  of  the  cold  vessel  when 
stock  solution  was  added.  Before  each  addition,  therefore,  the  cell 
and  its  contents  were  raised  to  some  temperature  near  that  of  the 
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room  by  etandiiig  the  cell  for  a  few  minutes  in  slightly  wamn 
water, 

Tbe  wat^3r  used  as  solvent  was  first  boiled,  then  distilled  in  gliu 
from  filkaline  permanganate,  and  finally  redistilled  in  a  platinum   still 
\vith  a  trace  of  acid  pota.ssiuni  sulphate.     It  was  kept  in  a  large  stop^H 
pered  flask  of  »Jena  glass  till  required  for  the  experiments,  ^| 

The  samples  of  salt  used  to  make  the  stock  solutions  of  potassium 
chloride  and  copper  sulphate  were  tbe  same  as  those  prepared  for  the 
earlier  experiments;  (ietails  \irill  he  found  in  the  account  of  tliose 
experiments  to  which  reference  has  already  1:»een  made.  In  the  eases 
of  harium  chloride,  potassium  bichromate j  and  magnesium  sulphate, 
the  best  salt,  sold  aa  chemically  pure,  was  obtained,  the  two  salts  iiTTit 
mentioned  being  re  crystallised  before  use.  Any  proljahle  impunities 
would  not  affect  the  results  to  an  amount  equal  to  the  other  errors  of 
experiment. 

The  measurement  of  the  electrical  resistance  was  performed  exactly 
as  in  the  earlier  set  of  experiments.  The  current  from  one  or  two  dry 
cells  was  alternated  by  means  of  a  revolving  commutator,  which  was 
driven  by  a  hand  wheel  and  cord,  the  connections  of  a  D'Arsonval 
galvanometer  being  simaltjineously  alternated  by  the  same  instrument, 
alternating  currents  were  passed  through  a  Wheatstone*s  bridge, 
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Potassium  Chloride  I.     KCl 

=  74-59. 

In  Cell  No.  2, 

the  water  used  had  a  resistance  of  8  -  3  x 

10<  ohms  at  0' 

m. 
0-02393 

0-288 

R. 

7894 

kim  =  ju. 

755 

0-936 

0- 04261 

0-349 

4504 

744 

0-922 

0- 07924 

0-430 

2475 

728 

0-902 

0-1459 

0-526 

1374 

712 

0-883 

0-2441 

0-625 

835-4 

701 

0-868 

0-4268 

0-753 

484-3 

691 

0-857 

0-6379 

0-861 

325-5 

688 

0-853 

0-8924 

0-963 

232-3 

689 

0-854 

1-0759 

1-025 

191-9 

692 

0-857 

Potassium  Chloride  II.     KCl 

=  74-59. 

m. 

0-02394 

0-288 

R. 

7894 

kjm  -  ^. 

754 

0-934 

0-04275 

0-350 

4504 

741 

0-919 

0-07971 

0-430 

2475 

724 

0-897 

0-1475 

0-528 

1374 

705 

0-873 

0-2486 

0-629 

835-4 

688 

0-852 

0-4408 

0-761 

484-3 

669 

0-829 

0-6697 

0-875 

325-5 

655 

0-812 

0-9575 

0-986 

232-3 

642 

0-796 

1-1697 

1054 

191-9 

636 

0-789 

Barium  Chloride.     ^BaCli  =  104-1. 
In  Cell  No.  2,  the  water  used  had  a  resistance  of  8-5  x  W  ohms. 


m. 

m\. 

R. 

khn  =  /I. 

i^hs>' 

0- 02040 

0-273 

10856 

644 

0-863 

0-05112 

0-371 

4584 

609 

0-816 

01137 

0-485 

2178 

577 

0-773 

0-2377 

0-619 

1095 

549 

0-735 

0-4705 

0-778 

580-4 

523 

0-700 

0-8710 

0-955 

325-5 

504 

0-674 

1-741 

1-203 

172-2 

476 

0-638 

Copper  Sulphate.     iCuS04.5H20  =  124-87. 
Cell  No.  2.     The  water  had  a  resistance  of  6*6  x  W  ohms. 

R. 

17173 

6397 

2359 

1313 

951-5 

535-7 


m. 

«»». 

0-02174 

0-279 

0-07607 

0-423 

0-2681 

0-645 

0-5608 

0-825 

0-8440 

0-945 

1-954 

1-250 

*>  -  M. 

m/m»- 

382 

0-548 

293 

0-421 

226 

0-324 

193-9 

0-279 

161-1 

0-231 

136-4 

Ci-\«i<5» 
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Potassium  Bichromate,     \  K^CraOt  =  147^3* 
III  Cell  No.  1,  the  water  iised  had  a  resiskince  of  7  '26  x  10^  ohms,  \ 


m. 

i^V 

B. 

kjm  -  ^. 

P/M,* 

0-002278 

0  132 

3004 

710 

0  865 

O^OOC047 

0  182 

1138 

706 

0  860 

001475 

0*245 

472-2 

698 

0-850 

0^04019 

0-343 

^240* 

678 

0-826 

O'lOlO 

0  466 

2202* 

642 

0-782 

0^2577 

0-636 

917  1* 

604 

0  736 

Magnesium  Sulphate.     |MgS04,7H20  -  123  26, 
In  Cell  No.  If  the  water  used  had  a  reaiatiiiice  of  9  "75  k  10^  ohms. 


m. 

mi. 

B< 

kjm  =  ^. 

M.'V^- 

0-00000644 

0^0186 

511000 

702 

0-987 

0-00001398 

0^0241 

330000 

697 

0-980 

0-00003218 

0-0318 

179200 

687 

0  965 

0-00007707 

0^0426 

84710 

680 

*     0-955 

0-0003438 

0-0701 

21230 

652 

0  916 
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with,  we  cannot  assume  that  it  really  gives  the  fraction  of  the  number 
of  the  molecules  which  are  at  any  moment  ionized ;  in  the  light  of 
probable  changes  in  the  ionic  fluidity  of  the  liquids,  and  of  the  possible 
existence  of  complex  ions,  such  an  assumption  is  clearly  unjustified. 
For  the  sake  of  convenience,  the  results  previously  obtained,  as  well 
as  those  of  the  experiments  now  described,  are  collected  in  the  follow- 
ing table : — 

Equivalent  Conductivities  at  0"  referred  to  the  Limiting  Value 

as  Unity. 

m  =  Number  of  Gram-equivalents  of  Solute  per  thousand  grams  of 

Solution. 


«JI. 

mj. 

KCl. 

iBaCls. 

iK^fiO;. 

IC11SO4. 

...      ,     . 

0  •00001 

00216 

1-000 

1-000 

0-991 

0-998 

0-983 

0  00002 

0-0272 

l-OOO 

1000 

0-980 

0-993 

0-976 

©•00005 

0  0368 

1-000 

0-998 

0-962 

0-981 

0-963 

0-0001 

0  0464 

0-999 

0-996 

0*029 

0-967 

0-950 

0-0002 

0-0586 

0-998 

9-990 

0-902 

0-947 

0-932 

0.0005 

0  0794 

0-996 

0-980 

0-880 

0-908 

0-899 

0-001 

0-100 

0-992 

0-969 

0*870 

0-863 

0-864 

0002 

0-126 

0-987 

0-963 

0-864 

0-807 

0-814 

0005 

0  171 

0-976 

0-926 

0-868 

0-717 

0-720 

0-01 

0-215 

0-962 

0-896 

0-858 

0-638 

0-669 

002 

0-271 

0-944 

0-864 

0-847 

0-667 

0-587 

0  03 

0-311 

0-932 

0-843 

0*834 

0-612 

0-645 

0  05 

0-368 

0-917 

0-813 

0-816 

0-468 

0-497 

0-10 

0-464 

0-896 

0-778 

0-783 

0-405 

0-486 

0-20 

0-585 

0-874 

0-742 

0-749 

0*348 

0-380 

0-40 

0-737 

0-858 

0-710 

— 

0-294 

0-322 

0-50 

0-794 

0-865 

0-699 

— 

0-276 

0-313 

1-0 

1-000 

0-866 

0-666 

— 

2-280 

0-264 

1-2 

1-063 

0-860 

0-667 

— 

0*218 

0-248 

1-5 

1146 



0-646 

— 

0-208 

0-227 

2-0 

1-260 

— 

0-632 

— 

0-194 

0-192 

3-0 

1-442 

— 

"— 

"" 

-^ 

0-183 

In  the  earlier  set  of  experiments,  approximate  values  only  were  ob- 
tained for  the  absolute  equivalent  conductivities,  changes  in  the 
adjustment  of  the  platinum  cell  between  the  experiments  on  each  salt 
causing  a  slight  uncertainty  in  the  cell  constant.  From  the  values  of 
the  constants  of  the  glass  cells  now  used,  it  is  possible  to  calculate 
throughout  the  whole  range  of  concentration  of  both  sets  of  observa- 
tions the  exact  equivalent  conductivities  of  the  salts  investigated. 
The  results  are  given  below,  and  are  expressed  in  Kohlrausch's  imits, 
in  which  the  electrical  conductivities,  measured  in  reciprocal  ohms, 
are  divided  by  the  concentrations  of  the  solutions,  measured  in  gram- 
equivalents  per  cubic  centimetre. 
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Equivalent  Coiiductivitiea  at  0^  in  Absolute  Units. 

I  m  =  number  of  Gram-eqiiivftlents  of  Solute  per  thousand  grams  of 

Solution, 


0 -00001 

0-00002 

O-tH3O05 

0-0001 

0^0002 

0  0005 

0  0(11 

0-002 

0  005 

0^01 

0  02 

0-03 

0  05 

O'lO 

*20 

'40 

■50 

■0 

■5 


*0 


m^' 

KCl. 

iBitOIa,  ' 

iK^i^ 

0-0215  ! 

807 

746 

8X3 

0.0272 

807 

746 

804 

0  0368 

807 

7*5 

781 

o-oie^i 

806 

742 

7m 

0-0585 

806 

739 

740 

au7&i  , 

803 

731 

722 

O'loo  : 

800 

723 

714 

0'i2e 

7&Ji 

711 

709 

0-171 

787 

690 

708 

0^215 

776 

069 

704 

0^271 

7G1 

645 

mh 

0  311 

7b2 

629 

m^ 

0*368 

740 

mi 

em 

0-4^'l 

723 

581 

w 

0-585 

705 

554 

m 

0  -737 

602 

530 

—     ' 

0^791 

690 

5^2 

.»     1 

i^m) 

690 

486 

— 

10G3 

6JH 

490 

— « 

1*U5 

. — 

481 

^ 

1  -2nii 
1  dJ'/ 

— 

472 

— 

tOoSDi- 


606 
693 
684 
674 
060 
633 
602 
563 
5O0 
445 
388 
357 
326 
282 
243 
205 
193 
160 
152 
145 
135 


iMgSO^. 


694 
685 
676 
663 

m9 

614 
379 
512 
468 
417 
387 
353 
309 
270 
ZiB 
222 
188 
176 
161 
136 
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I  beg  the  honour  of  laying  before  the  Royal  Society  the  following 
more  complete  consideration  of  the  subject. 

The  above-mentioned  article  had  for  its  object  the  study,  from 
careful  measurements  made  at  my  request  by  Mr.  D^guisne,*  of  the 
influence  of  temperature  on  completely  dissociated,  that  is,  infinitely 
dilute  aqueous  solutions  of  strong  electrolytes,  and  the  deduction  from 
this  of  the  temperature  coefficients  of  the  single  ions. 

Mr.  D^guisne  expresses  the  influence  of  temperature  on  the  con- 
<luctivity  K,  starting  from  18'  as  a  mean  temperatiu-e,  in  the  form  of 
the  quadratic  interpolations  equation 

Kt  =  Ki8[l+a(/-18)  +  i8{/-18)2] 
and  shows  that  this  closely  represents  his  observations  between  2'  and 
:W  C.     I  shall  confine  myself  to  the  consideration  of  this  formula. 

(1.)  NumfHcal  values, — In  the  table,  under  A  is  given  the  equivalent 
conductivity  of  infinitely  dilute  solutions,!  then  the  coefficients  a  and  /? 
for  1/1000  and,  for  the  neutral  salts,  observed  by  D<fgiiisne,  a  also  for 


KCl 

KF 

KNO3.... 
K>S04.... 
KOH  .... 
NH4CI  ... 
NaCl    .... 

NaF    

NaNOa.... 
JS'a.>S04.... 
NaC.HaO« . 
NaC^HgO; . 
LiCl....:. 

BaClo 

BaCNOJo  . 
AgNOs  ... 

HCl 

HNO3.... 


130- 1 
111-3 
126  -4 
133-4 
239 
130 
109-0 
90-2 
105-3 
112-2 
78-6 
69-2 
98-9 
121-7 
118-1 
115-8 
383 
380 


ai 

for 

1/10000. 

1/1000. 

0  -0216 

0-0217 

, , 

226 

210 

211 

223 

223 

,. 

190 

219 

219 

228 

227 

, , 

240 

220 

221 

234 

234 

, , 

242 

, , 

244 

, , 

233 

227 

226 

221 

220 

216 

216 

, , 

165 

i 

163 

+  0-000066 
069 
062 
077 
033 
068 
084 
100 
076 
097 
110 
111 
091 
083 
076 
+  0-000067 
-0-000016 
-0-000017 


I/IOOOO  normal  solutions,  corrected  by  me  for  the  impurity  of  the 
water.  Mr.  Deguisne  lias  kindly  furnished  me  with  the  data  regarding 
the  water  in  each  of  his  solutions.  After  applying  these  corrections 
the  values  for  1/10000  and  1/1000  noi-mal  do  not  continue  to  show 
the    systematic    changes,  which    from  the  observations  appeared  to 

*  Deguisne,    "  Temperatur-Koefficienten  des    LeitvermOgens  sehr  yerdiinnter 
wftssriger  Ldsungcn/*  *  Diisertation,  Strassburg/  1893. 

t  Kohlrauijch  u.  t.  Steinwehr.  *  Sitz.  Ber.  Berlin,  Akad./  1902,  p.  681. 
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hiake  the  reduction  to  completely  dissociated  solutions  verj  uncertain, , 
now  show  only  differences  o!  irregular  sign  within  the  limits  of  | 
the  errors  of  observ^ation. 

From  this  we  mav  assume  that  the  true  valnes  of  the  coefficietits 
tor  the  concentration  I/IOOOO  w^ould  l>e  practically  the  same  as  those 
tor  complete  dissociation.     But,  aa  a  matter  of  fact,  in  the  eaae  of  < 
Buch  dilute  solutions  considerable  uncertainty  underlies  the  observatiouii 
fhemseives,  oJi  account  of  the  variations  of  the  solutions  with  time, 

well  as  the  corrections  for  the  conductivity  of  the  water,  on  account 

its  magnitude  and  somewhat  uncertain  theoretical  basis.  These  facts 
lire  especially  tnie  in  the  case  of  the  acids.  Therefore,  the  values  found 
tor  the  concentration  1/1000*  iri  which  these  two  sources  of  error  nee*l 
kcarcely  be  consiiderefij  must  be  looked  upon  £is  experimenUtlly  much 
lore  aceui^ate.  Then  too,  the  condition  of  ionization  of  very  dilute 
bolutions  of  w*eak  suits  is  always  somewhat  uncertain  on  account  of 
l)oasi}>le  hydrolytie  action.     In  order  to  treat  all  elect mlytes  alike, 

shall  therefore  choose  the  coeiHcients  ax.  and  ^  of  the  concentration 
./lOOO, 

The  errors  which  may  arise  from  the  fact  that  these  solutions  lack 
^roro  2  to  5  per  cent,  of    complete  dissociation  cannot   nt  present 

avoided.     Since  the  values  of  the  constants  thcmschcs  differ  but 
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FfG.  1. 


~^^^^    -So°~'   -ao" 


In  regard  to  the  lowest  curve,  cf.  4.  The  fact  that  the  greatest  differences  exist 
for  KOH  and  KF  may  be  connected  with  the  smaller  accuracy  of  these  curves. 
£ut  on  this  we  will  lajr  no  stress. 
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(3.)  Dhaimmi  of  Iies}dt<i. — We  may  derive  frotn  the  alxive  fact  the 
fcrt^inty  that  the  individual  clitforeticea  of  the  electrolyt^aa  come  under 
common  \rw^  the  degree  of  accuracy  of  which  must,  however,  remain 
ii^^cttlcd.  This  law  I  have  strited^aa  follows  :  for  dissociated  aqueous 
Uutions  the  coefficient  p  of  the  quadratic  member  can  be  npproxi- 
intely  expressed  id  terms  of  the  coefficient  ist  of  the  liueur  member,  in 

I  form  jB  —  C  (a-  A),  where  C  and  A  are  constants  common  to  all 

tti'olytes.     One  sees  at  once  that  this  law  is  identical  with  the 

ler  ;  all  c\irve3  of  the  expression  (1  +  oi  +  ^/^)  pass  through  the  same 
oint,  having  for  its  abaciss^i  -  IjC* 

The  proposed  constanta  have  the  following  values,  talcing  1 8"  C.  aa 
tie  point    from   which    the    temperature   is   reckoned,   C  =  0'0163, 

=  O"0174.  The  convergence  takes  place  at  the  point  where 
Ul8  =  ^1/0-0163  =  -61,  or  £  =  -43%  On  account  of  the  small 
|iffcrence  between  C  and  A,  this  point  lies  not  far  from  the  zero  axis. 

C  and  A  were  identical,  the  extrt^polation  accoi'ding  to  the  quadratic 
^rmula  would  show  that  the  conductivity  of  all  electrolytes  becomes 
ero  at  the  s*ime  temperature.  Introducing  this  critical  temperature  4, 
ll  electrolytes  could  be  nearly  represented  by  a  formula  containing  but 
w'o  indi\idiial  constajits. 
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at  moderate  temperatures  with  the  quadratic  interpolation  formula, 
already  applied  by  Poiaeuille,  has  long  been  known  to  me.  The 
literary  priority  regarding  this  observation  belongs,  however,  to 
Messrs.  Bousfield  and  Lowry. 

In  my  calculations  I  have  made  use  of  the  values  chosen  by  Mr. 
Heydweiller,*  as  the  most  probable  between  the  limits  of  0'  and  30^. 
These  values  were  selected  from  different  observers,  especially  Messrs. 
Thorpe  and  Rodger.  Since  the  constants  were  calculated  for  this 
range  of  temperature,  they  have  practically  the  same  signification  for 
the  fluidity  of  water  as  the  former  constants  for  the  conductivity. 

The  formula 

<t>t  =  55-68  +  1 -981/ +  0 -0105/2  0.6.8. 
or 

<i>t  =  94-74[l+0-0249(^-18)  +  0-000111(<-18)2]C.G.S. 

represents  the  fluidity  </>  within  the  limits  of  the  table,  0'  to  30**,  with 
a  maximum  error  of  1/1000,  that  is,  with  about  the  same  degree  of 
accuracy  as  D^guisne's  formula  for  the  conductivity.  As  far  as  90** 
the  error  would  not  exceed  1/100. 

The  curve  represented  in  the  figure  instead  of  having  the  factor 
94-74  (which  has  no  reference  to  the  conductivity),  was  given  the 
arbitrary  factor  67-0  in  order  to  give  the  curve  the  desired  position 
close  to  the  lowest  curve  of  conductivity,  that  of  sodium  valerate. 

The  coincidence  of  the  two  curves  is  striking,  indeed  the  coeflScients 
00249  and  0-000111  differ  little  from  those  of  sodium  valerate  00244 
and  O'OOOlll.t  The  curves  of  conductivity  are  cut  by  the  fluidity 
curve  approximately  in  the  same  region  to  which  they  converge. 
The  curve  of  fluidity  passes  through  zero  at  -  34"  C.J 

Messrs.  Bousfield  and  Lowry  calculated  from  the  measurements  of 
Thorpe  and  Rodger  the  coefficients  0*0251  and  0-000115.  This  curve 
differs  very  little  from  mine,  especially  in  the  neighbourhood  of  the 
crossing  point. 

*  Mr.  Hejdweiller  calculated  at  my  request  the  table  for  the  *  Lehrbuch  der 
Praktiscben  Physik  *  (Tab.  20a,  1901). 

t  The  same  would  apply  for  Deguisne's  obserTations  on  Na2HP04  (0*0241  and 
0000105)  and  on  NaHC4H404  (0*0241  and  0-000109),  which,  however,  on  account 
of  the  unknown  constitution  of  these  salts  in  solution,  I  have  left  out  of  account. 

Messrs.  Bousfield  and  Lowry  further  called  attention  to  the  fact  that  the  tem-< 
peratnre  change  which  I  liave  found  for  ordinary  distilled  water  (practically  a 
very  dilute  solution  of  COj)  corresponds  with  the  temperature  change  of  fluidity. 

X  It  is  also  to  be  mentioned  that  Messrs.  Lyle  and  Hosking,  from  their  interest, 
ing  observations  on  the  viscosity  and  the  electrical  resistance  of  O'l  to  4  normal 
solutions  of  NaCl  between  (f  and  100*  draw  the  conclusion :  *'  The  curves  so 
arrived  at  are  remarkable,  in  that  they  indicate  that  for  solutions  of  the  strengths 
experimented  with,  both  the  fluidity  and  the  sp.  mol.  conductivity  vanish  at  a 
temperature  of  —  36°*5  C."  The  manner  of  extrapolation  is  not  dealt  with. — 
*  PhU.  Mag.,'  May,  1902,  p.  496. 
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The  fact  is  therefore  established  that  the  temperature  change  of  the 
Fluidity  of  water  is  nearly  the  sanie  as  that  of  the  conductivity  of 
tlisaoeiated  aqueous  solutions  of  electrolytes  which  have  a  large  tcin- 
peniture  coefficient.  Even  if  nothing  more  was  known  than  thii  fact, 
the  question  of  a  connection  between  the  electrolytic  and  the 
Jnechanical  motion  in  water  must  be  considered  a  matter  for  serious 
IlisciiBsion. 

(6,)  Dincttsdon  of  the  EjUrapolaiion, — Extrapolation  of  an  empirical 

tormula  over  a  wide  range  can  never  be  considered  as  necessarily  ropre- 

Icnting  the  truth.     This  is  especially  true  in  a  case  like  the  present, 

vhere  at  low  temperatures  it  is  applied  to  a  state  of  matter  other  than 

Ihat  for  w^hich  the  formula  was  originally  deduced.    It  is  it  primi  impos^ 

liJile  for  the  formula  to  hold  where  its  extrapolation  gives  to  the  con- 

luctivity  or  the  fluidity  a  value  mw.    Since  these  quantities  are  from 

Iheir  very  nature  positive,  negative  values  are  physically  impossible, 

berefore  the  cutting  of  the  zero  axis  by  the  curve  at  an  acute  angle 

ii  pii&ii    inadmissible,    just    as,   for  example,   the    assumption   is 

nadmissible  that  the  Joule  heating  effect  is  proportional  to  the  current 

bength»  or  that  the  kinetic  energy  is  proportional  to  the  velocity. 

quantity  from  its  nature  positive  can,  as  it  becomes  zero,  have  a 

Inite  differential  quotient  as  function  of  another  quantity,  only  when 

lie  other  quantity  cannot  rmy  beyond  the  critical  point.    This  can 
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(6.)  Other  Formulae, — Among  the  former  attempts  to  derive  an  empirical 
formula  from  the  behaviour  in  ordinary  temperatures,  which  does  not 
//  irruyii  lose  its  significance  as  the  conductivity  or  the  fluidity 
approaches  zero,  that  of  Slotte,  <^  =  <^(l+^0">  ^"^^  be  given  the 
first  place.  This  has  recently  assumed  a  greater  importance  on  account 
of  the  extensive  work  of  Thorpe  and  Rodger.  Here,  in  the  case  of 
the  fluidity,  the  condition  that  d<i>ldt  ==  0  where  </>  =  0  is  fulfilled,  for 
here  everywhere  n>\.  For  the  conductivity,  however,  nothing  is 
gained,  since  in  the  case  of  the  acids  n<l,  and  there  dKJdi  ■=  oo  for 
K  =  0;  there  is,  therefore,  no  object  in  recalculating  our  results 
according  to  this  formula.  However,  in  a  former  paper  I  have  given 
the  preference  to  Slotte's  formula  in  a  remark  concerning  fluidity. 
To  try  to  bring  the  coefficients  of  this  formula  into  a  relationship  with 
those  of  the  quadratic  formula  was  indeed  not  allowable. 

(7.)  Expenniental  Indications. — The  attempt  to  draw  conclusions  in 
regard  to  the  region  near  the  zero  value  from  the  course  of  the 
phenomenon  in  the  region  where  the  fluidity  &c.  have  values  of 
considerable  magnitude,  would  have,  of  course,  very  little  prospect  of 
success.  But  perhaps  the  attempt  to  follow  the  fluidity  of  water  or 
the  conductivity  of  dilute  solutions  down  to  lower  temperatures  would 
1)6  more  successful  than  we  think,  if  made  in  closed  vessels  of  small 
dimensions. 

Up  to  the  present  time  we  are  acquainted  only  with  phenomena 
from  which  uncertain  conclusions  from  analogy  can  be  drawn.  The 
idea  may  be  pretty  certainly  held  as  probable,  that  the  viscosity  and 
the  electrical  resistance  finally  increase  more  slowly  than  the  quadratic 
formula  extrapolated  would  indicate.  In  regard  to  viscosity,  I 
rememl)er  the  investigations  of  Tammann  on  the  freezing  of  over- 
cooled  liquids,  and  Ostwald's  observations  on  salol.  The  phenomenon 
of  the  gradual  solidification  of  alcohol  at  low  temperatures  also  leads 
to  the  same  conclusion. 

Numerous  observations  of  the  same  kind  in  regard  to  electrical 
behaviour  are  also  recorded.  The  very  slow  increase  of  the  conduc- 
tivity of  glass  with  increasing  temperatiu-e  is  well  known.  A  quanti- 
tative determination  of  this  has  been  made  by  Messrs.  Bousfield  and 
Lowry.  But  how  far  a  heterogeneous  mixture  like  glass  can  be 
considered  parallel  to  a  dilute  ionised  solution  is  doubtful.  In  the 
same  way,  experiments  such  as  those  of  Lehmann  on  the  electrolysis 

introduction  of  errors  is  without  much  weight ;  it  is,  at  any  rate,  practically  the 
same  case  as  that  of  the  gas  formula.  This  is  written,  making  use  of  the  absolute 
zero,  vp  =  const.  (<o  +  0»  where  <©  ="  273,  although  it  is  certain  that  the  result 
r  =  0  for  ^  B  —  ^0  is  false,  so  that  the  formula  must  assiune  another  form  before 
V  approaches  its  zero  value.  The  constant  of  the  gas  formula  loses  its  significance 
at  the  x>oint  where  the  gas  passes  into  the  liquid  state.  The  same  is  true  for  the 
temperature  constant  of  the  fluidity,  which  we  bare  introduced,  when  it  pass^cs 
out  of  the  liquid  state* 
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If  solid  silver  iodide,  or  those  of  W.  Kolilrau&ch  on  its  conductivity  .it 
lifferent  tetnpemtures,  scarcely  form  a  basis  for  conclusions  in  regard 
lo  solutions  in  water,  particularly  as  the  bBhavioiu*  of  silver  cliJorit]0 
Ind  silver  bromide  is  finite  different  from  that  of  silver  iodide. 

In  addition,  it  is  difficult  to  compare  substances  which  are  so  Mghiy 
loncentrated,  in  comparison   i^^th  ordinar^^  electrolyteSj  mth  dilute 
locutions.     All  these  conductivities  reduced  in  the  ratio  of  the  con-  ^ 
entration,  as;,  for  example,  the  measurements  made  on  hot  glass  of  ^| 
rge  surface  and  suiall  thickness  by  means  of  the  potent  tometer^  would  ^\ 
Irobably  have  to  be  considered  zero,  that  is,  smaller  than  the  eri'or^ 
If  olmervation,  in  comparison  ^ith  our  dilute  salt  solutions  at  moderate 
emperatures. 

Of  the  gi^e^it-est  interest  for  our  problem  are  the  recently  published 

aeasuremcnts  of  electral  conductivity  as  far  as    -  70'  C,  which  Mr. 

Cunz*  was  led  to  make  through  my  remarks  on  the  relation  between 

lonductivity  and  temperature.     He  was  unfortunately  unable  (as  was 

also)  to  sufficiently  over-cool  dilute  solutions,  and  the  ineasur6iiierit>s 

trere  therefore  mafle  on  strong  solutions  of  aulphuiic  acid  of  at  least 

gr,  equiv./litre»     Notwithstanding  the  fact  that  no  ceiliiin   eonclii* 

lions  can  be  dra%vn  in  regard  to  dilute  solutions,  Mr.  Kunz^s  vahies 

Ire  of  sufficient  interest  to   represent  graphically.     The  curves  are 

aarked  with  the  percentage  concentration  of  the  solutions  (fig,  2), 
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conductivity,  so  that  it  may  be  supposed  that  the  19  per  cent,  solution 
would  reach  a  relatively  negligible  value  at  a  much  higher  tempera- 
ture than  the  stronger  solutions,  if  it  were  possible  to  follow  it. 

Mr.  Kunz  adopts  the  view  that  the  electrical  resistance  is  due  to 
friction.  It  is  his  opinion,  indeed,  that  the  conductivity  would  disap- 
pear only  at  the  absolute  zero  of  temperature ;  this  conclusion  can 
hardly  be  supported  by  his  observations,  as  his  lowest  temperatures 
are  still  +  200''  absolute. 

(8.)  The  Temperature  Coefficients  of  the  Single  Ions, — For  these*  I  have 
recently  published  values.  It  is  of  importance  to  us  that  the  tempera- 
ture coefficients  of  univalent  monatomic  ions  appear  to  be  functions  of 
mobility,  decreasing  as  the  mobility  increases.  Complex  and  multi- 
valent ions  as  groups  deviate  from  this  series,  so  that  in  this  relation- 
ship we  have  a  new  criterion  for  univalent  elemental  ions.  The  largest 
temperature  coefficients  of  the  ions  approach  that  of  water. 

(9.)  Tlie  Electrolytic  Besistance  Considered  as  Friction  of  the  Solvent, — 
In  the  common  view  concerning  the  motion  of  the  ions,  an  assumption 
is  tacitly  made  which  in  other  cases  we  do  not  consider  justifiable.  In 
the  relative  motions  of  adjacent  particles  we  assume  a  discontinuity 
only  in  the  case  of  friction  between  two  rigid  bodies  where  this  by 
definition  must  occur.  Even  here  it  is  impossible  to  deny  that  on  the 
actual  siu*faces  of  contact  there  may  be  connected  with  the  motion  a 
rubbing  away  of  particles  which  produces  a  continuous  variation  of 
velocity  from  one  to  the  other. 

When  a  fluid  is  in  question,  whether  in  contact  with  another  fluid 
or  with  a  solid,  we  concede  no  finite  variation  of  velocity  in  two 
points  at  an  infinitesimal  distance  from  each  other.  The  primitive 
assumption,  until  recently  held  to  be  correct,  in  the  case  of  mercury 
on  glass,  that  the  fluid  in  actual  contact  with. the  solid  moved  with  a 
finite  velocity,  would  demand  that  the  external  friction  be  infinitesimal 
in  comparison  with  the  internal.  This  is  now,  to  the  best  of  my 
knowledge,  entirely  given  up.t  The  idea  of  discontinuity,  however, 
we  employ  in  regard  to  the  ions  when  we  think  of  them  as  moving 
through  the  solvent  without  connection  with  it. 

In  addition  to  the  objection  of  discontinuity  there  exist  also  the 
following  difficulties  in  this  assumption.  In  the  first  place,  it  is  diffi- 
cult to  see  how  the  electrical  energy  passes  into  the  solvent  in  the 
form  of  heat,  unless  the  latter  takes  part  in  the  motion  of  translation. 
Further,  it  seems  probable,  from  the  fact  of  the  ionisation  of  the  salts, 

*  'Sitz.  Ber.  d.  Berlin.  Akademie/  1902,  p.  572.  The  Talues  here  giyen  ara 
strengtheDed  by  the  fact  that  a  linear  connection  between  a  and  $  (cf.  8)  appears 
a  priori  in  the  case  of  the  tingle  ions  as  well  as  in  the  case  of  electrolytes. 

t  Comp.  Warburg,  *Pogg.  Ann./  vol.  140,  1870,  p.  879.  The  "slipping"  of 
rarefied  gases  on  solid  surfaces,  established  by  Kundt  and  Warburg,  being  a 
separate  phenomenon,  need  not  be  considered  here. 

VOL.  LXXI.  ^  ^ 
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Ithat  forces  must  exist  between  the  iona  and  the  water.  Ciamidun,* 
Itwelvc  years  ago,  eoiicliidecl  that  this  must  lead  to  the  hypotheaia  of  ;i 
I  water-shell  about  the  ion.  The  attempt  wag  also  made  to  measure 
Ithis  hydration,  by  using  a  method  proposed  by  Nemst. 

We  may,  therefore,  look  upon  it  aa  probable  that  the  moving  loit 
Icarries  with  it  a  mass  of  ^uiheriug  solvent,  jiut  as  a  moving  immersed 
leolid  carries  with  it  a  portion  of  the  liquid,  aud  we  will  endeavour  on 
I  this  basis  to  construct  a  new  representation  of  electrolytic  resJsUince- 
[According  to  this  the  mechanics  of  electrolysia  assume  an  appearance 
I  quite  diiferent  from  the  old  hypothesis  of  isolated  ionSi.  The  resists 
liince  to  motion  takes  place  not  directly  between  the  solvent  and  the 
lion  St  not  between  HjO  and  K  or  CI,  &c*,  but  It  is  a  phenomenon  of 
I  friction  betw^n  the  particles  of  the  solvent  itself,  modified  by  the  fact 
Ithttt  the  accompanying  shell  of  solvent  may  be  thin  enough  to  allow 
I  the  ion  to  act  through  it,  to  a  certain  extent^  upon  the  outer  liqiud. 

It  is  impossible  at  first  to  make  anything  more  than  this  rough 
I  sketch  of  the  hypothesis,  and  the  more  bo,  as  the  expressions  **  con  tin  u* 
Ions"  and  "discontinuous"  must  be  especially  defined  if  we  are  to  apply 
I  them  to  molecular  processes.  The  expression  **  continuous'*  stands 
I  from  its  very  nature  in  contradiction  to  the  atomic  or  molecular 
I  hypothesis  j  and  in  the  case  of  solutions,  and  especially  in  electrolysis, 
la  molecular  representation  seems  to  !)e  the  only  one  which  is  seientifie* 
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between  the  ion  and  the  outer  portion  of  the  solvent  diminishes  .as  the 
atmosphere  becomes  of  greater  thickness. 

Conclusions. — (ei.)  The  electrical  resistance  of  an  ion,  expressed  in 
mechanical  units,  must  be  of  the  same  order  of  magnitude  as  the 
mechanical  f rictional  resistance  of  a  molecule  of  the  solvent ;  a  law 
whose  assimiption,  as  I  some  time  ago  showed,  "  leads  to  an  expression 
for  the  distance  between  the  molecules  which  is  comparable  with  the 
usually  accepted  views  in  regard  to  this  quantity."* 

(h.)  The  empirically  discovered  law  that  the  temperature  change  of 
the  resistance  of  the  most  sluggish  ions  is  very  like  the  temperature 
change  of  the  \iscosity  of  water,  becomes  now  understandable.  For 
ions  of  large  resistance  we  must  assume  that  the  atmosphere  is  of 
considerable  thickness,  and  hence  the  action  of  the  ion  itself  on  the 
outer  portion  of  the  solvent  will  be  small.  As  a  limiting  case,  for  a 
very  sluggish  ion  there  will  be  only  the  friction  of  water  against  water, 
and  the  electrolytic  resistance  will  have  the  same  temperature  coeffi- 
«cient  as  the  viscosity  of  water,  provided  that  the  atmosphere  itself 
-does  not  change  its  dimensions  with  the  temperature.  If,  hoiv^ever, 
the  atmosphere  become,  for  example,  smaller  with  increasing  tem- 
perature, the  temperature  gradient  of  the  conductivity  might  be 
greater  than  that  of  the  fluidity.  According  to  the  observations  now 
at  hand,  this  would  seem  to  be  the  case  for  the  slowest  moving 
univalent  ion  Li.  Even  here,  however,  the  differences  scarcely  exceed 
the  errors  of  observation. 

(c.)  I  now  come  to  the  remarkable  relationship  between  the  mobility 
of  the  ions  and  their  temperature  coefficients,  which  was  mentioned  in 
Action  8.  This  first  led  me  to  seek  a  general  explanation  for  the 
electrolytic  resistance  in  the  idea  of  a  water  atmosphere,  in  order  to 
escape  being  compelled  to  explain  this  otherwise  unreconciiable  funda- 
mental characteristic  of  the  ions  as  a  dem  ex  machina. 

Assuming  as  the  single  fundamental  characteristic  of  each  univalent 
monatomic  ion  the  formation  of  a  water  atmosphere  which  varies 
.according  to  the  nature  of  the  ion,  the  mobility  of  this  complex  on 
the  one  side,  and  its  temperature  coefficient  on  the  other,  will  be 
functions  of  these  atmospheric  formations,  and  therefore  both 
quantities  must  hold  functional  relations  to  each  other.  We  know  , 
too  little  of  the  molecular  forces  at  present  to  attempt  to  describe  this 
•connection  more  exactly.  But  for  the  case  in  which  the  water  shell  is 
so  thick  that  the  ion  exerts  no  force  beyond  it,  the  resistance  to  motion 
becomes  simply  a  matter  of  water  friction,  which  explains  the  fact 
that  the  most  sluggish  ions  have  nearly  the  same  temperature 
coefficients  as  the  viscosity.  In  the  case  of  smaller  aggregations, 
we  must  remain  content  with  the  fact  that  we  have  at  least  the 
possibility  of  a  fundamental  explanation.' 

•  *G6t!iiiger  Xachrichtcn/  1879,  p.  1. 
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Then;  Hie  two  cx[>erimLMit?t[  questions  wliic}i  are  of  importance- 
llLliovigh  diffieult  to  answer:  tiifiti  whether  the  functional  relationship  is 
Kjicfe  01"  only  approxinrnte,  and  second,  whether  the  positive  and 
|u.\^ative  ions  are  fully  idcntk id  in  regard  to  this  relationship. 

That  the  non-elementary  ions  also  show  as  their  greatest  temperature 
loefiicients  that  of  water  friction,  hut  that  they  as  groups  differ  froni 
Ihc  elementary  inns,  is  to  be  expected.  T!ic  latter  fact  cannot  ho^ 
IjuantitiUively  explained.  Here  also  it  will  V»e  necessary  to  wait  for 
In  ore  exact  e\  pen  men  till  data  to  settle  the  quest  fun. 

{*L)  Finally^  the  indication  of  the  temperature  formnla  that  the 
Itioljility  of  all  the  ions  converges  towards  zero  {*/,  2  and  3)  at  a1>out 
The  same  temperature,  is  a  logioal  result^  if  the  electrolytic  resistance 
|>i  in  reality  a  mechanical  friction.  The  fact  that  the  foi"muta  for  the- 
huitiity  of  w^ater  takes  part  in  this  convergenee,  gives  the  hj'pothesia 
lurther  support. 

It  doeij  not  Beeni  at  all  impost^ihle  that  the  deviations  from  a  strictlr 
lorn  mo  n  Siero  point,  found  in  extrapolating  the  different  formula*,  have 

systematic  cause.  These  divergences  seem  to  indicnte  that  the 
luore  mobility  an  ion  shows  at  ordinary  temperatures,  the  more  slowly 
lelatively  it  loses  the  residue  of  its  mobility  as  the  solvent  !>ecomes 
Inoie   ^i^cous.      The    mobilitv  of    the   water    molecules    themselvei* 
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''  Upon  the  Immiiuising  Effects  of  the  Intracellular  Contents  of 

the  Typhoid  Bacillus  as  obtained  by  the  Disintegration  of 

the  Organism  at  the  Temperature  of  Liquid  Air."     By  Allan 

•     Macfadyen,  M.D.     Communicated  by  Lord   Lister,  O.M., 

F.RS.     Received  February  19,— Read  March  12, 1903. 

In  a  previous  communication^  it  was  shown  that  it  was  possible 
to  disintegrate  mechanically  the  typhoid  bacillus  at  the  temperature 
of  liquid  air,  and  to  obtain  the  cell-juices  of  the  organism. 

The  typhoid  cell-juices  obtained  by  this  method  on  inoculation  into 
animals  proved  toxic  or  fatal.  It  was,  therefore,  concluded  that  the 
typhoid  bacillus  contained  within  itself  an  intracellular  toxin. 

It  remained  to  test  the  typhoid  cell-juices  for  immuninising  and 
other  properties.  The  preliminary  experiments  in  this  direction, 
which  form  the  subject  of  the  present  note,  were  made  upon  the 
monkey.  The  monkey  was  selected  as  an  animal  most  likely  to 
furnish  data  of  possible  application  to  man.  For  this  purpose  the 
typhoid  cell-juice  was  administered  subcutaneously  to  the  monkey. 
The  injections  did  not  produce  any  general  symptoms  beyond  a 
transient  rise  in  temperature,  whilst  the  material  was  quickly 
absorbed  after  each  injection  without  any  traceable  local  effect.  In 
this  manner  doses  of  0*5  to  1  c.c.  of  the  material  were  injected  at 
intervals.  An  immediate  result  was  the  agglutination  of  the  typhoid 
bacillus  by  the  serum  of  the  blood  of  the  treated  monkeys,  whereas  no 
.such  effect  was  produced  by  the  serum  of  monkeys  which  had  not  been 
treated.  This  furnished  useful  evidence  that  the  animals  were  under 
the  influence  of  cell-juices  derived  from  the  typhoid  organism.  The 
injections  were  repeated  at  intervals  of  three  to  four  days,  and  after  a 
lapse  of  four  to  six  weeks  the  animals  were  bled.  The  serum  obtained 
was  then  tested  for  immunising  properties.  The  test  objects  were 
(1)  a  virulent  culture  of  the  typhoid  bacillus,  and  (2)  the  intracellular 
toxic  juice  of  the  same  organism.  A  varying  amount  of  the  virulent 
bacilh  and  of  their  toxic  cell-juice  was  mixed  with  a  varying  quantity 
of  the  serum.  The  respective  mixtures  were  then  injected  into  the 
peritoneiil  cavity  of  the  guinea-pig. 

The  broth  cultures  of  the  typhoid  organism  used  in  the  experiments 
were^^er  se  lethal  in  doses  of  O'l  c.c.  in  five  to  ten  hours.  The  typhoid 
<;ell-juices  were  fatal  in  doses  of  0*2  and  O'l  c.c.  in  three  to  five  hours, 
and  in  doses  of  005  c.c.  in  about  twelve  hours.  The  serum  was  thus 
tested  for  (1)  specific  antibacterial  and  (2)  specific  antitoxic  properties. 

The  experiments  showed  that  the  serum  of  the  monkey,  after  injec- 
tions of  the  typhoid  cell-juices,  possessed  antibacterial  and  antitoxic 

•  '  Koj.  Soc.  Proc.,'  tvproy  p.  76. 
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3  it  it's,  inasmuch  as  the  serum  protected  the  experimental  animiits- 
^;uTi&t  the  l«icillij  /uid  ulao  ng^i nst  an  intracellular  toxin  obtained 
fom  them. 

A  simultaneous  injection  of  { 1 }  senim  with  the  haeiliiT  and  (2)  serum 
Jith  the  toxic  cell-jvnee  produced  no  lethal  or  toxic  effects.  The 
|ontrol  animals,  on  the  other  hand,  invariahly  snccumbed. 

It  was  further  invest igated  whether  the  seruni  possessed  preventii'^ 
Intl  curative  properties.  The  senim  from  treated  monkeys  was  injected 
lito  guinea-pigs,  one  injection  being  made  in  each  instance,  and  the 
lime  animiilii  received  at  an  interval  of  12  to  24  hours  lethal  doies  of 
lie  typhoid  Imcilkis  and  of  it:^  toxic  intracellular  juice  respectively* 
ihe  treated  animals  B;irvived  the  test,  whilst  the  control  animalt^ 
Inccumbed.  It  was  therefore  coTicluded  that  the  senim  had  protective- 
roper  ties. 

A  third  series  of  guinea-pigs  received  lethal  doses  of  the  typhoid 
lacillus  and  of  its  toxic  cell- juice  respectively.  The  senim  was  then 
lijccted  at  various  intervals  into  individual  animals.  It  was  found 
mrit  the  Uvea  of  the  animals  could  l>e  saved  by  one  injection  of  the  serum 
rom  a  fatal  infection  oi"  intoxication,  even  when  half  of  the  lethal  period 
y.ifl  elapsed  in  each  instance*  The  senim,  therefore,  possessefl  curative 
lra[>erties* 

view  of  the  above  results  it  appeared  ftesii'aljle  to  test  the  effect 
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'*  On  the  Histology  of  Uredo  dispersa ^  Erikss.,  and  the  *  Mycoplasm ' 
Hypothesis."  By  H.  Marshall  Ward,  Sc.D.,  F.E.S.,  Pro- 
fessor of  Botany  in  the  University  of  Cambridge.  Keceived 
February  13,— Eead  March  12,  1903. 

(Abstract.) 

The  paper  deals  with  a  detailed  study  of  the  histological  features  of 
the  germination,  infection,  and  growth  of  the  mycelium  of  the  Uredo 
in  the  tissue  of  grasses.  Primarily,  the  figures  refer  especially  to  the 
Uredo  of  Puccinia  disperm  in  the  tissues  of  Bromus  secalinuSj  but  com- 
parisons are  made  with  the  behaviour  of  this  and  other  Uredinesd — 
e.g.,  Puccinia  glumanim  and  P,  graminis — in  the  tissues  of  other  grasses 
and  cereals. 

The  research,  which  has  been  carried  on  over  a  year  and  a  half  and 
has  involved  the  preparation  and  microscopic  examination  of  thousands 
of  sections,  is  principally  based  on  the  application  of  improved 
hardening  and  staining  methods  to  preparations  from  tube  cultures  of 
the  grasses  concerned,  the  leaves  of  which  were  infected  at  definite 
spots.  These  tube-cultures  were  prepared  according  to  the  method 
previously  described.*  At  definite  intervals  after  sowing  the  spores — 
e.g.,  after  1,  2,  to  6  and  8  days — the  infected  areas  were  removed 
and  placed  in  fixing  solutions,  and  the  life-history  of  the  fungus 
traced  step  by  step,  and  controlled  by  reference  to  uninfected  areas. 

The  full  paper  is  illustrated  by  numerous  figures,  and  deals  with 
the  behaviour  of  the  nuclei,  vacuoles,  septa,  branches,  haustoria,  and 
other  details  of  the  hyphse  up  to  the  commencement  of  spore- 
formation. 

The  relations  of  the  hyphse  and  haustoria  to  the  cell-contents  of 
the  host  are  critically  examined,  and  the  cumulative  evidence  not  only 
fails  to  support  Eriksson's  Mycoplasni  hypothesis ;  but  is  completely 
subversive  of  it,  so  far  as  histological  facts  are  concerned. 

Eriksson's  hypothesis,  which  refers  the  epidemic  outbreaks  of  rust 
to  the  sudden  transformation  into  the  mycelial  form  of  a  supposed 
infective  substance,  previously  latent  and  invisible  in  the  cytoplasm  of 
the  host,  is  shown  to  be  untenable  because  the  corpuscules  sp^ciaux  of 
this  author  are  proved  to  be  the  cut-off  haustoria  of  the  fungus. 

Eriksson  supposes  that  these  corpuscules  (haustoria)  are  formed  by 
the  hitherto  latent  germs  in  the  host-cells,  growing  up  in  the  cells 
into  vesicles,  which  then  pierce  the  cell-walls  and  give  rise  to  hyphsa 
in  the  intercellular  spaces. 

The  present  paper  shows  that  Eriksson  has  entirely  reversed  the 

•  "  On  Pure  Cultures  of  a  Uretline,  Pitecinia  dUperM  (Erikss.)"  *  Roy.  Soc. 
Proc./  1902,  Tol.  69,  p.  461. 


^f    F  H  iMarslwIL  T^^^  Ol^f^t^  €t^€  and  the    [FeK  17. 

f  ve»t«  Tht^  bBiistoria  have  l>een  furmed  hy  the  bypba?, 
tnn^  f>r^(cr  oJ  e  ^^  j^j  ^ij^^ing  every  sUg«  in  their  development.  Tlie 
jtnti  fi^ri^  *^^^^  ^  ^^^  formed  U'  the  infecting  lahc  immetiiately 

jir^t  1'"^^^^^'^^^^^^^  thcfitama,  and  figures  .-ire  gi%-en  shovrinK 

.JU^T  it^  If  "*^  ^^^^  ijemi'tube  outflide  a  stoma,  the  swelling  of  it^  tip 
tjjy  mmam  *>^  _^^^^^  ^  ^  ftppressonum,  the  passage  through  the  stomatal 
lucr  the  *'^'f^^'j^^^.j,]^-jpjjient  into  iv  ve^icnbr  swelling  whence  the  tm« 
ifi\h}\  '*'*^*  *  ^  *  .^^^  ^^,|jj^,|,  [^itt^r  may  at  once  put  forth  a  hanstoriuiD. 
infcK'tinn  tu  »c^  ^i  ■  -t  phenomena  are  visible  in  one  and  the 

I  ^aroe  pi-t^I^^j'^^*^"*'^^^^  hi«  thanks    to   Miss   K  Dale,   of    Girton 
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occur.  The  extravasated  blood  retained  in  the  mucosa  forms  pigment, 
the  change  being  effected  by  the  agency  of  leucocytes,  as  supposed  by 
Bonnet,  but  not  by  Kazzander.  But  the  extravasation  occurs  in  the 
superficial  part  of  the  muc<^.  Miniature  lacun»  are  sometimes 
formed  after  extravasation.  The  severity  of  the  procestrous  process 
tends  to  diminish  with  each  successive  dioestrous  cycle  in  a  season. 
There  is  never  any  removal  of  stroma  and  not  necessarily  of  epi- 
ithelium. 

The  facts  recorded  render  the  homology  between  the  dioestrous 
cycle  in  the  sheep  and  the  menstrual  cycle  of  the  Primates  very 
probable,  while  further  statements  regarding  the  author's  researches 
on  the  ferret,  with  which  the  prooestrum  in  regard  to  severity  is  inter- 
mediate between  that  of  the  sheep  and  menstruation  in  monkeys, 
afford  additional  evidence  of  the  identity  of  the  two  processes. 

OmikUion^  with  Notes  on  the  Atretic  FoUiele  and  the  Cauees  of  Barreii- 
nes8, — Ovulation  can  occur  spontaneously  at  any  oestrous  (or  pro- 
•cestrous)  period  with  Scotch  black-faced  sheep,  excepting  at  certain 
•cestri  outside  the  regular  sexual  season,  when  the  additional  stimula- 
ition  supplied  by  coition  may  be  necessary.  In  the  ferrety  ovulation 
does  not  occur  in  the  absence  of  coition,  without  which  the  follicles 
undergo  atresia.  In  the  sheep,  atresia  is  commonest  in  follicles  of 
about  one-eighth  to  one-half  the  dimensions  of  the  mature  follicles. 
When  it  occurs  with  any  considerable  frequency,  it  must  affect  the 
•barrenness  percentage  in  subsequent  breeding  seasons.  The  atretic 
ifollicle  differs  from  the  developing  corpus  luteum  in  the  absence  of  any 
•discharge  to  the  exterior,  the  membrana  granulosa  degenerating  and 
disappearing  prior  to  any  considerable  ingrowth  from  the  connective 
tissue  wall. 

The  Formation  of  the  Corpus  Luteum. — The  lutein  cells  are  derived 
irom  the  membrana  granulosa,  while  the  connective  tissue  element 
is  supplied  by  the  proliferation  and  ingrowth  of  the  thecfe  interna 
and  externa,  as  described  in  the  preliminary  communication.  Leuco- 
cytes are  abundant,  especially  at  the  sixteen-hour  stage  of  develop- 
onent,  but  these  disappear  in  later  stages  without  giving  rise  to 
connective  tissue  as  described  by  Sobotta.  The  cavity  of  the  dis- 
-charged  follicle  is  filled  in  by  the  further  ingrowth  of  connective 
itissue. 


Mv.  H.  S,  Franlin, 
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tnmcd  on  nt  WestmiQAtor  HoepiUl  Mi^dical  School  and  tlie  Jenner  loitttute  o£ 
Pf^TentiT^  Medicine.) 

I  My  object  in  UTKlcrtaking  this  i^'ork  was  in  the  first  place  to  obtains 
inire  culture  of  the  nitroso-lmcterium  ;  in  the  second  place  to  discover 
lie t her  it  really  was  a  fact  that  this  species  was  unable  to  grow  in^ 
Ig  i^resencD  of  organic  matter,  m  atated  by  Wino^adsky.* 
1  My  experiments  with  the  nitroao-bacterium  appear  to  show  that : — 
|l  A  practically  pure   culture  of   the  bacterium  can  be  obtained 
Iter  Bu()-cultui-ing  for  7  nK»iiths  in  Winogradsky^s  ammonia  solution, 
1 2-    That  the  nitroso-bacteriuni  will  grow  in  this  solution    in   the* 
le^ence  of  organic  matter. 

\3.  That  the  nitroso-bacteriuin  will  grow  not  only  on  silica  Jelly ,  but 
BO  ir*  any  ordinary  organic  mcrbum, 

the  coiu^e  of  these  experiments  pure  cnltiires  were  again  and 
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always  been  tested  for  the  presence  of  oxides  of  nitrogen,  and  a 
control  set  up  when  batches  of  the  solution  were  inoculated. 

The  presence  of  nitrites  was  judged  by  a  solution  of  diphenylamine* 
in  sulphuric  acid,  Ilosvay's  solution  being  used  as  a  control  when- 
necessary. 

When  I  commenced  work  I  obtained  cultures  of  the  nitroso- 
bacterium  by  inoculating  ammonia  solutions  with  small  quantities, 
0'2  gramme  or  less,  of  various  kinds  of  soil ;  rich  garden  soil,  humus, 
sand,  &c.  Tubes  of  ammonia  solution  so  inoculated  were  kept  at 
room  temperature  and  placed  in  a  dark  cupboard  in  order  to  avoid 
exposure  to  Ught. 

The  evidence  of  the  growth  of  the  nitroso-bacteria  was  found  in  the 
conversion  of  the  ammonia  in  the  solution  into  nitrous  acid.  This  i» 
at  first  a  slow  process  and  does  not  commence  in  the  tubes  for  some 
3  weeks  as  a  rule.;  usually  it  requires  another  week  or  two  to  be 
completed. 

I  inoculated  ammonia  tubes  with  soil  43  times.  Of  these  70  per 
cent,  showed  oxidation  of  the  ammonia. 

Oelatine  plates  poured  from  these  tubes  showed  moulds,  yeasts, 
liquefying  and  non-liquefying  bacteria,  and  also  a  micro-organism 
morphologically  similar  to  the  nitrOso-bacterium. 

1st  Dilutiom. — From  the  ammonia  tubes  which  showed  oxidation 
sub-cultures  were  made  in  like  media.  Of  these  77  per  cent,  showed 
nitrites.     This  occurred  in  8  weeks. 

2nil  Dilutions. — From  the  first  dilutions  sub-cultures  were  made. 
Of  these  85  per  cent,  showed  oxidation  in  from  2  to  3  months. 

3rd  DiliUions. — From  the  second  dilutions  sub-cultures  were  made. 
All  these  showed  formation  of  nitrite  in  one  month. 

ith  Dilutions. — Sub-cultures  from  the  third  dilutions  exhibited  for- 
mation of  nitrite  in  93  per  cent,  of  the  tubes  inoculated.  These,  as  a 
rule,  required  6  weeks  before  this  was  completed. 

5//6  Dilutiom. — Sub-cultures  were  made  from  the  fourth  dilution 
tubes.  Of  these  77  per  cent,  showed  the  formation  of  nitrite ;  the 
time  required  being  2  months. 

With  regard  to  the  microscopical  specimens  made  from  the  several 
tubes;  the  Ist,  2nd,  and  3rd  dilutions  showed,  associated  with  the 
nitroso-bacterium,  rod-shaped  micro-organisms,  in  gradually  diminish- 
ing niunbers  in  succeeding  dilutions.  The  4th  and  5th  dilutions  gave 
almost  pure  culture  of  the  nitroso-bacterium  apparently. 

Ammonia  Solution  containing  no  Carbonate, 
A  medium  containing  simply  ammonium   sulphate  and  p6tassiumi 

phosphate  was  tried. 

The  nitroso-bacterium  was  able  to  grow  iu  \]b\a,  mA  \.q  ^^o^wRfc 

nitrite;  hut  the  micro-organism  did  not  develop  m  «v^ycv3\X>xc^'^- 


U\\  11  S.  Fremliu. 
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LiquM  Madia  mniaming  Onjanic  Mittlev, 

I  made  fi  series  of  experiments  with  ^*  ammonia  Bolutions  "  cohUiIjI^ 
ag  peptone  beef  l>mthj  M'ittc'a  powdered  peptone,  and  urea, 

Be^f  BrMk 

This  was  added  in  f]iuintlties  ^arjiiig  from  1  in  IHXIO  to  10  Iti  100> 
Cultures  of  nitroso- bacteria  grew  well  when  inoculiitiMl  from 
iiorganie  solutions  into  the  lower  jwrcentagea  of  beef  broth,  and  on 
ninsf erring  them  to  higher  pereontages  they  were  able  to  continue 
heir  nitriii cation.  If  cultures  of  nitroso-bacteria  were  uiken  from 
norgajue  solutions  and  placed  directly  into  solutions  contaiiung  beef 
rt'oth  to  the  extent  of  1  in  1000  they  failed  to  show  oxidation* 

ThiB  was  uaed  in  solutions  contJiining  1  in  1 1 000  and  1  in  5000. 
The   uitroso-bacterium  was  able  to  grow  in  these  sohitionaj   ita 
levebpment  being  siitisfactory,  as  shown  by  the  formation  of  nitrite. 

Urm, 
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Isolafion  of  (lie  Nitroso-bactenum, 

Plate  Cultures. 

In  carrying  out  the  work  of  isolation  of  the  nitroeo-bactenum  I 
made  plate  cultures  containing  silica,  gelatine,  and  agar  media 
respectively. 

Silica  Plateii. 

I  found  that  numerous  species  of  micro-organisms  grew  on  this 
medium,  and  that,  therefore,  it  was  necessary  to  use  what  seemed  to- 
be  pure  cultiu-es  of  the  nitroso-bacteriiun,  as  this  species  does  not 
form  colonies  rapidly,  and  is  liable  to  be  smothered  by  the  more 
quickly-growing  bacteria  if  one  attempts  to  isolate  the  nitroso- 
bacterium  from  soil  or  a  very  impure  culture.  The  nitroso-bacterium 
grows  well  in  this  medium,  and  in  one  instance  I  was  able  to  remove 
a  single  colony  which  oxidised  the  ammonia  in  a  solution.  From  this 
culture  inoculation  was  made  into  beef-broth  agar,  and  plates  poured. 
These  plates  grew  large  numbers  of  colonies  in  piu*e  cultiwes. 

Numerous  colonies  were  taken  from  silica  plates  and  grown  on  beef- 
broth  agar,  but  such  growth  transferred  to  ammonia  solutions  did  not 
produce  nitrification.  This  being  the  case  I  thought  that  probably 
the  micro-organism  had  lost  its  power  of  oxidising  the  ammonia,  so- 
that  I  tried  to  devise  a  means  by  which  this  function  might  be  re- 
established ;  and  for  this  purpose  the  micro-organism  was  placed  in  as 
natural  surroundings  as  were  attainable.  The  following  was  the 
method  adopted.  A  single  colony  wi\»  taken  from  silica  plate  and 
inoculated  on  to  sloping  beef-broth  agar.  After  growing  there  it  was^ 
transferred  to  a  sterile  ammonia  solution ;  this  was  allowed  to  filter 
daily  through  sterile  soil,  thus  allowing  of  aeration  of  the  growth 
whilst  in  its  natural  surroundings.  This  experiment  succeeded,  nitrite- 
being  formed  in  10  weeks.     A  control  filter  showed  no  change. 

Gelatine  PlcUes, 

Winogradsky  states  that  the  nitroso-bacterium  does  not  grow  on 
gelatine  ;  so  that,  in  the  first  place,  the  method  that  he  advocates  to 
obtain  a  pure  culture  of  nitroso-bacteria  was  adopted. 

Particles  of  magnesia  were  removed  from  an  oxidised  ammonia 
solution  and  sown  on  to  gelatine  plates.  Now  if  these  particles  carried 
nitroso-bacteria  alone  there  would,  if  Winogradsky  be  correct,  be  no 
growth,  and  such  a  particle  showing  no  growth  could  be  removed  and 
reinoculat«d  into  an  ammonia  solution,  and  thus  a  pure  culture 
obtained.  But  I  found  that  around  particles  so  inoculated  into  gelatine, 
colonies  invariably  occurred.  It  was  noted  that  these  colonies  were  in 
pure  culture  and  were  made  up  of  an  oval  OTgjBan&KV  \\i»X  \s  wa»  \s>LQr^vi- 
logicaJJr  similar  to  the  nitroso-bacterium. 


160  Mv,  It  S,  Fmrnliii,  [FeK  23, 

Secondly,  geLUiiie  plateis  were  poured  from  oxidked  ammonia  ^olii- 
ions  ;  these  also  gave  the  same  species  of  micro-organ  ism,  often  in 
»ractie»lly  pure  cidturo.  From  one  such  ]}lf4t6  a  piece  was  removetl, 
jid  in  an  junmonia  solution  it  produced  oxidation.  This  oxidif«id 
jnnionia  gotution  agaiii  yielded  the  same  species  on  gelatine  platens. 

Gelatine  media  prepaid  from  divers  soils  and  inoeulatetl  with 
kxidiae^l  ammonia  solutions  exhthitod  the  s^ime  species  of  micro- 
organism. 

Hence  it  is  to  Tjc  inferred  that,  either  the  nitroao*l>acterium  growii 
►n  gelatine,  or  that  an  organism  morphologically  similar  occurs  in  the 
nnie  inorganic  solutions  with  the  nitroso-bacterium  and  thnve^  liki!  it 
n  inorganic  solutions. 

To  arrive  at  some  definite  conclusion  on  thi^  point  further  cxperi- 
aenta  were  made  with  agar  plates. 

Agar  PhUm. 
In  commencing  my  researches  with  AgATt  beof-broth  agar  was  u^d. 

Plates  of  this  medium,  inoculated  from  cultures  contairdiig  nitroso- 
iftcteria  gave  similar  results  to  those  with  gelatine  i  that  is  to  say, 


^ 
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The  salts  are  dissolved,  and  agar  added  to  1^  per  cent. ;  the  whole 
being  boiled  up  and  prepared  as  ordinary  agar.  Magnesium  carbonate 
is  added  after  sterilisation. 

As  will  be  seen,  this  agar  corresponds  in  composition  to  the  ammonia 
solution  used  for  the  ordinary  cultures,  save  for  the  presence  of  the 
1^  per  cent.  agar.  It  has  a  slightly  lower  melting  and  coagulation 
fpoint  than  bouillon  agar. 

I  have  poured  over  100  plates  of  this  medium.  It  grows  the  nitroso- 
bacterium  well,  oxidation  of  the  ammonia  in  the  plate  occurring  within 
2  months,  as  a  rule,  after  inoculation  with  oxidised  ammonia  solutions. 

All  plates  that  showed  oxidation  of  the  ammonia  contained  large 
.numbers  of  colonies  of  apparently  the  same  bacterium.  This  organism 
being  oval  in  form,  and  associated  with  the  formation  of  nitrite,  and 
being  often  almost  or  altogether  in  pure  culture,  must  be  considered 
to  be  the  nitroso-bacterium.  It  occurred  in  the  dilution  plates  in  all 
instances.  Nevertheless  but  few  of  these  showed  oxidation  of  the 
4immonia. 

The  following  table  gives  results  obtained : — 


! 

Plates,  number 
poured. 

Number  showing 
oxidation. 

26 
20 
26 

22 
3 

1 

First  dilution 

Second  dilution 

This  shows  that  unless  the  colonies  were  numerous  nitrite  was  not 
formed. 

In  one  instance  a  single  colony  taken  from  an  ammonia  agar  plate 
and  placed  on  sloping  ammonia  agar  formed  nitrite  in  9  months.  Plates 
of  beef-broth  agar  and  gelatine  poured  from  this  culture  grew  enor- 
mous numbers  of  the  colonies.  These  colonies  develop  both  at  room 
temperature  and  37**  C.  At  room  temperature,  after  6  days,  the 
colonies  appear  to  the  naked  eye  as  white  iridescent  growths  varying 
in  size.  Some  days  later  they  become  lemon  coloured,  and  finally 
yellow.  Under  the  microscope  they  were  seen  to  be  made  of  micro- 
organisms corresponding  to  the  nitroso-bacteria. 


n 
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To  make  dear  the  i*oint  of  vtow  from  which  the  e:q>eriment^  her©- 
icorded  were  undertaken,  a  few  words  oti  the  modern  theory  of 
*avitational  sensitivenasa  are  necessary.  For  fuller  details  the 
lader  is  referred  to  the  papers  of  Noll,  N6mec  and  Haberlandt,*  to 
horn  the  theory  in  question  is  due. 

VTheu  a  geotropic  organ  iuftera  a  change  of  position  it  responds  by 
1  appropriate  curvature,  and  ultimately  reassumes  vertieality.  With 
,c  mechanism  of  cuT^ature  I  am  not  conoerne<l,  the  problem  to 
>  eolved  is  the  source  of  the  stimuhis  to  which  the  curvature  is  4 
sporise.  In  other  words  ;  when  a  plant,  which  normally  grows  vorti- 
Ily  upwards,  is  laid  horizontally,  it  ohviously  perceives  the  change  ^ 
r  what  mechanism  is  the  perception  rendered  possible  ? 
The  view  of  Nemec  and  Haherlandt  is  that  the  stimulus  is  due  to 
e  presence  of  bodies  of  greater  specific  gravity  than  iho  cell  sap, 
lich  in  consequence  of  their  weight  always  fall  to  the  physically 
wer  regions  of  the  cells.  These  l^odiee  are  usually  movable  starch 
ains*    and    mav    eotivenientlv   be    termed    tttatoWhs.      A&   Irms'  as 
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that  the  Crustacean  Pcdcenum  is  guided  in  keeping  its  dorso-ventral 
plane  vertical,  and  dorsal  surface  upwards,  by  the  stimulus  of  the 
statoliths  resting  on  the  internal  surface  of  its  otocysts. 

In  favour  of  their  theory,  N^mec  and  Haberlandt  have  stated 
fully  and  well  the  general  argument  based  on  the  distribution  of  stato- 
liths. Thus,  broadly  speaking,  statoliths  are  found  to  occur  (in 
Phanerogams  at  least)  in  organs  and  parts  of  organs  capable  of  giavi- 
tational  stimulation.  On  the  other  hand,  speaking  generally,  stato- 
liths are  absent  where  there  is  no  power  of  curving  geotropically. 
Thus  in  the  older  parts  of  stems,  which  have  lost  the  power  of  curva- 
ture, the  statoliths  disappear  from  the  endodermis.* 

The  presence  of  statoliths  in  the  tip,  and  only  in  the  tip  of  the 
root,  is  a  striking  fact,  and  one  that  is  in  general  accordance  with  the 
theory  set  forth  in  the  Power  of  Movement  in  Plants,  and  confirmed 
since  the  appearance  of  that  work  by  more  than  one  observer.!  The 
same  thing  is  true  of  the  cotyledon  of  Setaria  and  Sorghum,  the 
statoliths  are  practically  confined  to  this  part  of  the  seedling  in 
which  the  gravitational  sensitiveness  has  been  shown  to  reside.  J  For 
further  details  of  the  general  argument  from  distribution  we  must 
refer  to  the  writings  of  N§mec  and  Haberlandt.  Personally,  I  con- 
sider the  general  argument  to  be  highly  convincing,  but  this  opinion 
seems  not  to  be  shared  by  others,  and  in  any  case  it  does  not  permit  us 
to  neglect  experimental  tests. 

Experimental  Evidence. 

Nemec  lays  some  stress  on  the  loss  of  geotropism  following  the 
destruction  of  the  statoliths.  He  employs  Pfeffer's  method  of 
embedding  a  seedling  bean  or  pea  in  liquid  plaster  of  Paris.  In  this 
way,  when  the  gypsum  sets,  the  seedling  is  prevented  from  growing, 
and  for  some  unknown  reason  the  treatment  leads  to  the  disappearance 
of  the  starch  from  the  group  of  specialised  cells  at  the  tip  of  the 
root.  According  to  N^mec  seedlings  so  treated  fail  to  respond  to 
gravitational  stimulus.  But  the  argument  is  not  complete,  it  should 
be  shown  that  the  starchless  roots  are  not  also  inhibited  in  their 
reaction  to  other  stimuli.  For  instance,  supposing  the  experiment 
was  performed  on  seedlings  of  Sinapis,  it  should  be  ascertained 
whether  the  starchless  radicles  would  or  would  not  curve  apohelio- 
tropically,  while  remaining  incapable  of  geotropic  curvature. 

I  have  tried  a  similar  experiment  on  Setaria  and  Sorghum,  It  was 
discovered  accidentally  that  the  cotyledons  lose  a  great  part  of  their 

*  Haberlandt,  '  Pringgheim's  Jahrbuclier,'  vol.  38  (1908),  p.  451 ;  and  *  Ber. 
der  Deutachea  Bot.  Ges./  Tol.  18  (1900),  p.  264. 

t  rfeffer,  '  Annals  of  Botanj,'  toI.  8  (1894),  p.  317 ;  Czapek,  *  Pringsheim's 
Jahrbucher,'  1896 ;  F.  Darwin,  *  Linn.  Soc.  Journal,'  vol.  86,  1902,  p.  266. 

I  ¥.  Darwin,  *  Annals  of  Botany,'  vol.  13,  1899,  p.  667. 
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nrch  if  kept  f oi' periodg  vfuying  from  6 — 26  hours  at  a  high  tempera* 
ire,  fjf.,  33 — 38.  Such  seerllin^a  show  a  marked  hjsa  of  geotropic 
lovcment, 

Exp.  201,  March  3,  1902. 

Eight  fipecimcnis  of  S^^rghum  rnlfjare  were  kept  for  21  j  hours  at 
and  others  at  16-5'— 19°  C.  They  were  then  allowed  to  cun^e 
botropic^ally  for  20 h.  20m,  when  the  "  cool  "  lot  showed  an  average 
lirvature  of  49"8^  while  the  "hot"  speciraena  gave  an  average  of  9^- 

Exp,  204,  xMarch  4,  1902. 

Twelve  specimens  of  Sfjrfjhiim  rahjare  m  two  eqoJil  Iota  for  21h.  5m*  at 

and  at  about   I8\     Microscopic  examination  at  the  close  of  the 

cperlment  showed  considerable  irregularity  in  the  disappeii ranee  of 

Lrch,  and   the   following  t^il>le  shows  that  the  degree  of  geotropic 

rvature  is  more  or  less  parallel  to  tlie  amount  of  starch  remaining. 


1.1  Starch  in  small  quantities.. 
2  J 

H.     Less  fitiireb  than  1  and  3   . 
1,^  Starch  almost  disappeared 


ii} 


72"  (geotropic  cunre). 

20^ 
28' 

ir 


irst   1  wa,s   iui'lintid  to  wee  in  facts  like  these  a  striking  con- 
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the  tip  containing  the  statocytes  have  been  removed,  the  capacity  for 
geotropism  returns  with  the  regeneration  of  the  statoliths.  Even 
here — though  the  fact  is  a  striking  one — the  argument  seems  to  require 
the  heliotropic  test.  For  obviously  the  regeneration  of  the  tip  may 
mark  the  recovery  of  a  generalised  sensibility,  and  not  merely  the 
rehabilitation  of  the  special  gravitational  mechanism.  The  same 
objection  holds  to  some  extent  with  regard  to  Haberlandt's*  experi- 
ments on  plants  found  to  be  starchless  in  winter.  It  should  have  been 
more  definitely  shown  that  they  are  heliotropically  active  though 
incapable  of  gravitational  reaction. 

The  Tuning-fork  Me^wd. 

In  the  autumn  of  1901,  I  began  a  series  of  experiments  by  a  method 
which  was  at  the  time  a  new  one,  but  has  been  in  the  meanwhile 
published  by  Haberlandt.t  It  seems  to  me  that  Haberlandt's  argu- 
ment is  open  to  the  objection  above  set  forth,  and  as  it  is  an  objec- 
tion I  have  tried  to  meet,  my  results  seem  to  be  worth  giving. 

My  point  of  view  was  that  if  gravitational  sensitiveness  is  a  form 
of  contact-irritability  (which  must  be  the  case  if  the  pressure  of  the 
statoliths  on  the  plasmic  membrane  is  the  critical  event),  then  it  might 
be  possible  to  intensify  the  stimulus  by  vibration.  I  hoped,  by 
applying  vibration  in  a  vertical  plane  to  a  horizontal  seedling,  to 
make  the  starch  grains  dance  on  the  lateral  walls,  and  by  such 
repeated  blows  on  the  protoplasm  to  produce  more  active  geotropic 
response. 

The  experiments  were  made  with  seedlings  of  Sorghum,  Setarut,  and 
Panicum.  In  the  earlier  trials  entire  seedlings  were  used,  but  they  were 
found  difficult  to  fix  horizontally  with  sufficient  accuracy,  and  I 
consequently  employed  cut  hypocotyls  cemented  by  means  of  melted 
cocoa-fat  on  cork  supports,  and  kept  damp  in  small  metal  boxes,  each 
containing  a  strip  of  wet  filter-paper. 

The  vibration  was  supplied  by  means  of  a  tuning  fork  driven  by  an 
electric  escapement.  The  fork  was  fixed  in  a  horizontal  plane  so  that 
the  vibration  was  vertical.  The  amplitude  of  the  vibration  varied  in 
different  parts  of  the  fork  from  4  mm.  to  less  than  a  millimetre.  The 
rate  was  about  47  vibrations  per  second. 

The  general  plan  of  the  experiments  was  to  attach  a  pair  of  metal 
boxes,  one  to  each  limb  of  the  fork,  each  box  containing  four  to  six 
seedlings  fixed  approximately  horizontal.  Control  boxes  were  placed 
on  a  support  a  few  centimetres  from  the  fork.  It  was  found  essential 
to  insure  an  identical  temperature  for  the  experimental  and  control 
plants.     The  fork  is  set  in  motion  and  the  experimental  plants  sul)- 

*  Haberlandf, '  PriDgsheim^s  Jahrbilcher,'  190^)'^.4n*2». 
t  Zoe.  eil.  (1903),  p.  480. 
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JGcterl  to  nbration  for  about  8 — 20  minutes.  The  control  and  experi- 
Inental  boxes  are  thou  placed  on  a  klinoatat  to  avoid  further  gravitational 
ptimulusj  and  the  angular  curvature  estimated  after  a  fe^  hours.  The 
^^eneral  resiUt  is  ^lear,  yii:.,  that  the  plants  subjeeted  to  vibration  are 
more  strongly  curved.  In  other  words,  that  vibratioii  increa^aa  th© 
navitational  atimulus. 


Premittwii-i  and  Sources  oj  Error* 

In  performing   the  experimettt  it  is  necessary  to  take  scrupulous 
ire  that  the  control  and  experimental  plants  receive   similar  treat- 
ment.    In    the    case  of   both    it   is    necessary  to  cement  the  plants 
Bnto  their  boxes  without  allowing  any  possibility  of  geotropism  boing 
pnduced   before    the  boxes  are  fixed  to  the  tuning  fork*     In  all  the 
later  experiments  the  plants  were  cemented  into  their  places  vertic- 
ally and  received  no  gravitational  stimulus  until  horizontal   on    the 
lork,  or  on  the    place    prepared    for  the  control  plants j  as  the  case 
might  be.     Any  error  arising  for  the  want  of  this  precaution  in  the 
earlier   experiments  was    equally  divided    between  the  exporimeatal 
md  control  plants. 
The    most   serious  source  of    doubt  and  error  is  the  tendency  in 
grass  seedlings   to  luitate  in  various  directions ;  all  that  can  be 
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the  tuning  fork.     In  this  case  any  acceleration  in  the  line  of  the  fork 

would  be  in  favour  of  the  "  still "  specimens. 

Table  I  requires  a  few  words  of  explanation.     The  third  column 

gives  the  number  of  the  experiment  and  simply  refers  to  the  original 

notes.     The  next  column  gives  the  time  in  minutes  during  which  the 

plants  were  left  horizontal.      Then  follow  the  temperature  and   the 

length  of  time  during  which  the  plants  were  left  on    the  klinostat. 

When  two  readings  occur  wider  this  column  it  means,  of  course,  that 

the  curvature  was  measured  more  than  once  :  thus  in  experiment  74 

the  curvature  was  read  after  4  hours'  rotation,  and  again  after  6h.  SSm. 

from  the  time  at  which  the  plants   were  originally  placed  on  the 

klinostat.     The  column  "  Shaken "  gives  the  angular  deviation  from 

the  horizontal  of  the  plants  which  had  been  on  the  fork ;  their  average 

curvature  follows  in  a  separate  column.    The  last  two  columns  give  in 

the  same  way  the  actual  observations  and  the  average  for  the  control 

plants.     For  the  sake  of  brevity  we  use  the  terms   "  Shaken "  and 

''  Still ''  for  the  experimental  and  control  plants.   In  columns  "  Shaken 

and  <<  Still "  the  letter  x  occurs  occasionally  in  brackets,  thus  (x) :  this 

means  that  nutation   downwards  or  sideways  had  occurred.    In  the 

same  way  (5)  indicates  a  downward  or  lateral  nutation  of  5".     In 

striking   averages,  I  have   counted  the  nutating  specimens  and  also 

those  which  showed  no  geotropism,  t.e.,  remained  horizontal.     Thus, 

45 
if  the  readings  were  13,  15  (x)  17,  the  average  would  be  —  =  11-3: 

or  if  it  had  been  13,  15,  0,  17,  the  average  would  have  been  the  same. 
When  the  cases  of  nutation  were  very  frequent,  or  where  the  curvature 
occurred  very  slowly,  as  in  experiments  131,  140,  I  have  omitted  the 
average  curvature  from  consideration,  although  I  have  allowed  the 
readings  to  remain  in  the  table. 

The  first  thing  that  strikes  one  is  that  the  shaken  specimens  show  a 
greater  curvature  than  the  stUl  ones  in  a  large  majority  of  cases. 

Thus,  taking  the  whole  of  the  thirty  cases  in  which  the  average 
curvatures  are  calculated,  we  have  : — 

Shaken^  curvature  greater  in 25  cases. 

,.       equals  or  practically  equals  Ml      3 
SHU,  gvesiter  th&n  shaken    2 

Out  of  these  thirty  cases,  seven  are  second  readings,  i.e.,  records  of 
curvature  in  experiments  in  which  readings  had  been  taken  a  few 
hours  previously.     If  these  are  omitted,  we  get : — 

Sfiuken,  curvature  greater 19 

„      eqaalBstiU 2 

SHU,  curvature  greater ^ 

Finally,  there  are  four  cases  in  which  the  pVaivU  -wcr^  \«iX»  ^^  ^^  \w^ 
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for  long  periods,  i,e,,  40—82  minutes;  these  are,  perhaps,  not  strictly 
comparable  with  the  other  experiments,  though  in  three  out  of  the 
four  the  shaken  specimens  were  clearly  more  curved  than  the  4ill  ones. 
If  these  are  omitted,  we  have : — 

Shaken^  curvature  greater 15 

„      equals  s/i7Z 2 

foully  curvature  greater 2 

The  amount  of  curvature  is  not  merely  greater  in  a  large  majority  of 
cases,  but  also  differs  by  a  considerable  percentage. 

Thus,  taking  the  sum  of  the  average  curvatures  in  all  thirty  cases, 
we  get : — 

Still.  Shaken. 

403'' -7  600' -8     or  100  :  1488 

Omitting  the  seven  second  readings  (which  give  the  sums — stUl  62*1, 
shaken  108*2),  we  get: — 

Still.  Shaken. 

34r-6  492^-6     or  100  :  1442 

Finally,  omitting  the  four  cases  of  long  exposure  (which  give — slUl 
7M,  shaken  103*7),  we  get  :— 

Still.  Shakni. 

270^*5  388''-9     or  100  :  143*8 

In  another  series  of  experiments  the  difference  between  the  shaken 
and  still  plants  was  much  smaller.  But  we  have  reason  to  believe  that 
the  failure  depended  on  the  small  amplitude  of  vibration  employed, 
for  when,  in  the  last  four  experiments  of  the  series,  a  more  ample 
vibration  was  adopted,  there  was  once  more  a  well-marked  increase  in 
geotropism  in  the  shaken  specimens. 

In  none  of  our  experiments  have  we  seen  such  striking  results  as 
those  obtained  by  Haberlandt ;  it  must,  however,  be  remembered  that 
his  apparatus  differs  from,  and  is  apparently  more  effective  than,  ours. 

Control  Experiments  {Heliotropisni), 

The  experiments  were  made  in  the  same  way  as  the  last,  except 
that  the  seedlings  were  vertical  instead  of  horizontal,  so  that  the 
starch  would  be  made  to  vibrate  on  the  basal  instead  of  on  the  lateral 
walls  of  the  cells.  The  boxes  had  glass  lids  to  admit  the  light,  which 
was  given  by  incandescent  gas.  Care  was  taken  that  the  distance 
from  the  light  of  the  still  specimens  was  the  same  as  that  of  the 
shaken  specimens. 
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In  three  of  the  experiments  (102,  109,  111)  readings  were  taken 
before  the  plants  were  placed  on  the  klinostat,  and  these  readings  are 
omitted  in  summing  up  the  results  : — 

Cur^'ature  of  shaken  plants  greater...     7  cases 

„           still          „          „      ...     4 
Shaken,  eqvial  still 1 

Thus  there  is  a  majority  of  wins  in  favour  of  the  shaken  plants, 
though  it  is  not  nearly  so  striking  as  in  the  geotropic  experiments. 
WTien  the  amount  of  curvature  is  taken  into  consideration,  the  result 
is  decisive : — 

Still.  Shaken. 

Sum  of  averages     259*9  273-9 

or  as  100  105*4 

The  conclusion  at  which  I  arrive  is  that  vibration  does  not 
materially  increase  heliotropic  curvature,  whereas  it  does  increase 
geotropism.  The  following  figures  show  in  round  numbers  the  differ- 
ence between  the  geotropic  and  heliotropic  experiments  : — 

Geotropic  Curvatiu-e. 

Still.  Shaken. 

100  144 

Heliotropic  Curvature. 

Siill.  Shaken. 

100  105 

The  inference  I  draw  from  this  result  is  the  same  as  that  of  Haberlandt, 
viz.,  that  the  increased  geotropism  of  the  sJioken  specimens  is  due  to 
the  increased  stimulus  produced  by  the  vibration  of  the  starch  grains 
on  the  protoplasm  of  the  lateral  walls  of  the  cells. 

I  desire  to  express  my  thanks  to  Miss  Pertz,  and  to  my  assistant 
Mr.  Elborn,  for  much  valuable  help. 


Mr.  W,  E.  Carr.     On  the  Laws  §ommin^       [Feb,  11^ 


Ihi  the  T^ws  governing  Electric  DischiSirgea  in  Gases  at  Low 
PreBSures."  By  W.  E.  Caier,  B.A.,  University  of  Toronto, 
Commimicated  by  Professor  J.  J,  Thomson,  F.RS,     Receive*! 

Februaiy  11, — Read  Marcli  5,  1903. 

( Atistract.) 

The  experiments  described  in  this  paper  were  undertaken  with  tlio 
(ect  of    determining   the   potential   tUfference  required  to  produce 

charge  in  ti  iinmber  of  g»seR  over  a  wide   range  of  preafiures,  and 
becinlly    of   iiacertjiining  if  the  law  eauiiciatefl    by    Paschen*  was 
tierjdly  applicable,  provided  the  electric  field  in  which  the  dischiirge 
Ik  plac'e  was  uniform, 
JTbo  paper  is  divided  into  the  following  seetiona  : — 

(L)  Introihiction, 
1(2,)  Deacription  of  apparatus, 
1(3.)  Experiments  in  air, 
1(4,)  Experimentfl  in  hydrogen, 
1(5,)  Experiments  in  carbon  dioxide. 
1(6,)  Spark  potentials  with  dlfterent  electrodes. 
Minimum  spark  potentials. 
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discharges  at  low  pressures  in  all  probability  did  not  take  place  along 
the  shortest  path  between  the  plates,  and  it  is  inferred  that  the  failure 
of  his  numbers  to  establish  the  applicability  of  Paschen's  law  at  all 
pressures  is  due  to  his  having  always  taken  this  shortest  distance 
between  the  electrodes  as  a  measure  of  the  spark  length. 

In  the  present  paper  an  account  is  given  of  an  investigation  on  the 
potential  difference  necessary  to  produce  discharges  in  a  gas  with  a  form 
of  apparatus  which  ensured  the  passage  of  the  discharge  in  a  uniform 
electric  field  at  all  pressures.  With  this  apparatus  the  spark  potentials 
were  determined  in  air,  hydrogen,  and  carbon  dioxide,  for  different 
distances  between  the  electrodes,  over  a  range  extending  considerably 
above  and  below  the  critical  pressures.  Electrodes  of  brass,  iron,  zinc, 
and  aluminium,  of  the  same  size,  were  in  turn  used  in  the  apparatus, 
but  the  readings  obtained  showed  that  the  spark  potentials  were  not 
influenced  at  any  pressure  by  the  size  of  the  electrodes,  provided  the 
discharge  took  place  in  a  uniform  field. 

The  result  of  the  investigation  not  only  confirmed  the  truth  of  the 
law  enunciated  by  Paschen  for  discharges  in  a  gas  at  high  pressm*es, 
but  also  demonstrated  the  applicability  of  the  same  law  to  the  critical 
and  to  lower  pressures.  This  law  is  summarised  in  the  statement 
"  that  with  a  given  applied  potential  difference,  electric  discharge  in 
a  uniform  field  in  any  gas  is  dependent  solely  on  the  constancy  of 
the  quantity  of  matter  per  unit  croes-section  between  the  electrodes." 

It  is  shown  that  a  general  application  of  Paschen's  law  demands 
that  the  minimum  spark  potential  must  be  a  physical  constant  for 
each  gas.  A  special  set  of  observations  gave  the  following  values  of 
this  quantity  for  a  number  of  simple  and  compound  gases. 

Minimtiin  spark 
Gas.  potentials  in  Tolts. 

H2    278 

O2    455 

HoS 414 

CO2 419 

N2O 420 

SO2 457 

CoHo    467 

Adopting  Strutt's  value  of  251  volts  for  nitrogen,  the  conclusion  is 
drawn  that  the  minimum  spark  potential  is  a  property  of  the  atom 
rather  than  the  molecule  of  a  gas,  and  it  is  shown  that  if  H',  N',  0', 
etc.,  represent  the  spark  potential  constants  in  volts,  corresponding  to 
atoms  of  the  gases  H2,  N2,  O2,  etc.,  respectively,  the  minimum  spark 
potential  for  any  compound  gas  whose  formula  is  H^^NyO^,  etc.,  will 
be  given  by  xW  +  yK  +zO'  -{•  etc.  volts.  It  is  pointed  out  that  oxygen 
forms  an  exception  to  the  general  application  of  this  law. 
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The  1  utter  part  of  the  paper  deals  with  the  extension  of  Paschen's 

Iw  to  sparlt  lengths  much  shorter  than  those  actually  used  in  the 

^perinienta,  find  evidence  ia  ^idrluced  in  support  of  the  conclusioir 

luit  the  law  is  applicable  for  dii^ charges  iu  a  uniform  field  in  any  gai^, 

long  as  the  spark  length  is  greater  than  the  diameter  of  the  sphere 

nuilecnkr  action* 


IOti  tl](?  Optical  Activity  of  Hicmoglohin  and  Globin,"  By 
A I :t HI  it  Gami;ee,  M.D.,  F.E.S,,  EmeritnR  Professor  of 
Pliysi(^lo;^'y  in  the  Owens  College,  Yietoria  Univeraity,  and 
A.CnoFT  Hiix,  M.A,>  MJl^Jate  George  Henry  Lewes  StudeDt 
in  Plnsiohjf,^y.  I'eceived  January  31, — Eead  February  12, 
100:i,  '  ^ 

Jufntiindoiy  Ob^rvutimtii,  ^ 

All  observations  hitherto  published  concern i rig  the  optical  activity 

the   albnininout^   Hulistances  have  led  to  the   conclusion  that  the 

Ixiies  thuij  designated,  whether  derived   from  the  vegetable  or  the 

lal  kiiigdfmiii,  without  a  single    exception,  de^nate  the  platie  of 
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characterised  and  the  most  striking  members  of  this  group  are : 
Firstly,  the  haemoglobins  and  their  compounds.  Secondly,  the  nucleo- 
proteids  and  the  nucleins. 

In  haemoglobin,  we  have  the  example  of  a  complex  proteid,  which 
differs  from  all  other  members  of  the  albuminous  group  of  bodies  by 
its  colour,  by  its  marvellous  power  of  forming  easily  dissociable  com- 
pounds with  oxygen  and  certain  other  gases,  by  the  facility  with 
which  it  admits  of  being  crystallised  and  recrystallised  and  obtained 
free  from  all  foreign  mineral  matters,  by  the  startling  manner  in 
which  its  solutions  fail  to  furnish  any  one  of  the  reactions  characteristic 
of  albuminous  substances  in  solution,  so  long  as  the  reagerU  has  not 
effected  a  fundavienfal  decomposition  which  has  liberated  the  albuminon.^  and 
rdoured  residues.  The  researches  of  one  of  us  have  moreover  lately 
shown  that  whilst  haemoglobin  is  a  diamagnetic  body,  the  iron-con- 
taining products  of  its  decomposition  by  acids  are  not  merely  para- 
magnetic, but  probably  the  most  powerfully  "  ferromagnetic  "  organic 
bodies  known  to  science.* 

So  complete  a  divergence  thus  exists  in  physical  and  chemical  pro- 
perties between  haemoglobin  and  the  substances  which  are  the  imme- 
diate products  of  its  decomposition,  and  which  are  doubtless  linked 
together  in  it,  that  it  appeared  in  the  highest  degree  interesting  to 
ascertain  whether  or  not,  in  respect  to  optical  activity,  haemoglobin 
would  behave  as  an  albuminous  body  proper  and  prove  to  be  "  laevo- 
g3n;ous."  Having,  if  possible,  determined  this  point,  the  subsequent 
step  in  the  research  would  naturally  be  to  determine  the  optical 
activity  of  the  albuminous  and  coloiu'ed  products  of  the  decomposi- 
tion of  the  haemoglobin  molecule. 

1. — Determination  of  the  Optical  Activity  of  Hamoglobin, 

So  far  as  the  authors  have  been  able  to  ascertain,  the  optical 
activity  of  solutions  of  coloured  organic  bodies  has  not  yet  formed  the 
object  of  serious  investigation.  Landolt,t  in  the  last  edition  of  his 
authoritative  work,  which  contains  all  the  reliable  results  relating  to 
the  optical  activity  of  organic  bodies  up  to  the  date  of  its  publication, 
mentions  only  one  colouring  matter  as  having  been  investigated,  viz., 
the  vegetable  colouring  matter  haematoxylin,  of  which  the  alcoholic 
solution  is  said  to  be  dextrogjrous.     Nor  is  this  neglect  of  the  study 

*  A.  Q-amgee,  *'  On  the  Behaviour  of  Oxj-hsemoglobin,  Carbonic-oxide.hcemo- 
^lobin,  Methsemoglobin,  and  certain  of  their  DeriTatiTes  in  the  Magnetic  Field, 
with  a  Freliminarj  Note  on  the  Electrolysis  of  the  Ilsmoglobin  Compounds," 
*  Roy.  Soc.  Proc.,*  toI.  68,  p.  603. 

A.  Gamgee,  The  Groonian  Lecture  for  1902,  "  On  certain  Chemical  and  Physi- 
cal Properties  of  Hiemoglobin,"  *  Boy.  Soc.  Proc.,*  yoI.  70,  p.  79. 

t  Dr.  H.  Landolt,  '  Das  Optische  DrehungSTermdgen  Organisoher  Substanzen, 
&c.,  Zweite  gfinzlich  umgearbeitete  Auflage,'  Yieweg  u.  Sohn,  1898. 
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of  the  optical  activity  of  coloured  solutions  Burpdaing  when  we  con- 
[iidcr  the  much  greater  difficulties  which  encounter  the  obaorver,  in 
Ltimpai  i^^inn  to  those  attending  the  examination  of  colourless  solutions. 

The  Mi'ihotl  Emphijml  in  if  it  Present  li^e^Heureh. 

When  It  powerful  beam  of  M'hiie  light  is  passed  throitgh  a  st ration 

|1  cnx.   thi<;k  of   i%  aoluLiyti   of  0\y-   or   CO-  hremoglobin  containing 

|'9  per  cent.,  the  only  region  of  the  spectrum  which  u  un absorbed 

thut  which  extended  from  iJ  to  a  little  distance  on  the   reel    side 

[}i   D.     It  \ms   the  re  fore   clear  that  the  only  light  which   could  be 

bmployed  in  the  work  before  us  was  monochromatic  red  light,  and  that 

In  tht^  place  uf  otic  of  the  polari meters  commonly  employed  in   our 

lalioratories  and  whoi^e  atijii>^tments  only  permit  of  their  being  employed 

Iviih  H^ht  of  a  definite  wave  length  {the  half -shallow  polarimeters  of 

the  Laurent  type  being  adjusted  for  use  with  monochromatic  Bodium 

ight),  an  instrument  shovild  be  employed^  the  arrangements  of  which 

permit  uf  observations  with  lii^ht  of  any  desired  wave-length. 

In  our  first  observations,  we  attempted  to  employ  the  lithium  flame 

1  tiur  souri-e  of  lights  but  we  were  unable  to  secure  by  this  moans 

ither   a   sufficiently  powerful    or    steady    illnmtnation.      We  subae- 

l|uently  employee  1,  however,  as  a  source  of  practically  monochromatic 

light,  the  light  of  an  arc  lamp  which  had  traversed  Landolt*s  filter 
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The  polarimeter  employed  in  these  observations  was  a  magnificent 
Lippich's  "  Halbschatten-Polarimeter,"  with  tripartite  field  of  vision, 
made  by  Schmidt  and  Haensch,  of  Berlin,  and  belonging  to  the  Davy- 
Faraday  Laboratory  of  the  Royal  Institution  of  Great  Britain. 

The  Hmnoglobin  Employed,* 

The  solutions  of  haemoglobin  employed  for  the  determinations  of 
which  the  results  will  be  given  below,  were  prepared  with  oxy-hsemo- 
globin  of  remarkable  purity  which  had  been  obtained  from  the  blood 
of  the  horse  by  following  the  best  of  the  methods  (the  third  method) 
described  by  Zinoffsky.t 

Two  preparations  of  haemoglobin  made  on  a  large  scale  and  at  the 
interval  of  some  months  one  of  the  other  were  employed.  The 
preparation  employed  to  make  the  solution  of  Oxy-haemoglobin  had 
been  crystallised  three  times,  the  product  of  each  successive  crystalli- 
sation having  been  many  times  washed  with  ice-cold  distilled  water 
of  which  the  purity  was  controlled  by  determining  its  electrical 
resistance.  This  solution  contained  2*446  grammes  of  haemoglobin  in 
100  c.c.  For  polarimetric  observations  this  solution  was  diluted  with 
an  equal  volume  of  distilled  water,  the  dilute  solution  examined  con- 
taining, therefore,  1*223  gramme  of  oxy-haemoglobin  in  100  c.c. 

The  preparation  employed  to  make  the  solution  of  CO-haemoglobin 
had  been  crystallised  four  times.  The  crystals  of  each  successive 
crystallisation  had  been  subjected  to  washing  with  pure  distilled 
water  as  stated  above,  the  solution  of  the  washed  crystals  of  the 
fourth  crystallisation  having  been  saturated  with  CO.  This  solution 
contained  1*84  grammes  of  dry  CO-haemoglobin.  For  polarimetric 
measurement  this  solution  was  diluted  with  an  equal  volume  of 
distilled  water ;  the  dilute  solution  contained,  therefore,  0*92  gramme 
of  CO-hsemoglobin  in  100  c.c. 

Hamoglobiriy  whHhei'  in  Combination  with   Oxygen  or  Carbonic  Oxide,  is 

Dextrorotatory. 

A.  Oxy-Hcemoglobin, 

The  diluted  solution  of  Oxy-haemoglobin,  previously  referred  to, 
was  employed.  This  solution,  containing  1*223  gramme  of  haemoglobin 
in  100  c.c,  was  thoroughly  saturated  with  oxygen  before,  being 
subjected  to  polarimetric  observation. 

*  The  part  of  Section  1  of  this  paper  which  follows  has  been  recast,  and  the 
observations  described  under  A  and  C  added,  since  this  paper  was  suhmitted  to  the 
Royal  Society. — March  5. 

t  Ziuoffsky,  O.,  "  Uebor  die  GrOss©  des  Hemoglobinmoleculs/'  *  Zeitschrift  f. 
I»liyaol.  Cliemie,*  vol.  16  (1886),  p.  23. 
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The     tube   employed   in   M    the    at^ts   of    ol^erTationB   measTtrydi 
I  decimetre. 
Three  sets  of  observation&  were  made. 


L  Mean  of  first  set  of  observ^itioiii  .♦. 
2*  „  second  set  of  observations 
3,         „        third         „  ,, 

From  the  above  observations  we  conclude  that  the  specific  rotoiUoii 
}f    Oxy-hi^moglobin     for   light    of    the    mean    wave   length   of    C, 

The  <lihited  aolution  of  CO-hieraoglobin,  previously  referred  to,  wns 
imployed.  This  solution  contained  0*93  gramme  of  CO'ha?mogloluri 
n  100  e.c. 

Two  sets  of  observations  were  made  with  this  solution ;  in  the  tiiiJt 
«t  a  tube  1  decimetre  long,  and  iu  the  second  a  tube  2  decimetre* 
ong  being  employed. 


Mean  of  first  set  of  o1>servations 


Ohirrred 
t>f  ttibt*.  wngle.       rq  tut  ion  (•'le* 

1  deeim.      +0"'i)98       -H  10^-65 
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■oxygen ;  another  portion  was  agitated  with  pure  CO  so  as  completely 
to  expel  the  oxygen  from  its  combination  with  haemoglobin  and 
replace  it  by  carbonic  oxide.  In  this  way  were  obtained  two  solutions 
of  haemoglobin  identical  in  so  far  as  the  quantity  of  colouring  matter 
which  they  contained,  but  differing  in  the  fact  that  in  the  one  case  the 
haemoglobin  was  in  combination  with  oxygen  and  in  the  other  with 
CO.  The  solutions  were  examined  in  tubes  of  the  same  length 
under  the  same  conditions  of  illumination.  The  result  was  to  show 
that  the  rotations  were  identical  in  the  two  cases,  having  the  mean 
value  represented  by  the  specific  rotation  (a)c=  +10"'0. 

It  is  to  be  remarked  that  the  observations  recorded  under  A  and 
C  were  carried  out  subsequent  to  those  on  CO-haemoglobin  recorded 
under  B.  In  the  case,  particularly,  of  observations  A,  the  intensity 
and  steadiness  of  the  monochromatic  red  light  employed  was,  in  con- 
sequence of  the  experience  previously  acquired,  more  satisfactory 
than  in  observations  B.  We  are  therefore  inclined  to  consider  the 
numbei's  expressing  the  specific  rotation  of  haemoglobin  which  we 
have  obtained  as  the  result  of  observations  A  to  be  most  worthy 
of  confidence.  We  do  not  pretend  that  these  numbers  may  not 
need  slight  modification  as  the  result  of  future  work,  though  we 
believe  that  they  are  a  very  close  approximation  to  the  truth. 

2. — Detennimition  of  the  Optical  Activity  of  Globin. 

Preyer  gave  the  name  of  Globin  to  the  albuminous  product  of  the 
f^pontaneous  decomposition  of  haemoglobin,  without,  however,  being 
able  to  furnish  any  precise  account  of  its  properties,  its  chemical  com- 
position, or  its  relationship  to  other  albuminous  bodies.  A  compara- 
tively recent  investigation  which  we  owe  to  Fr.  N.  Schulz,*  and  the 
results  of  which  have  been  substantially  confirmed  by  Ivar  Bang,t 
has  placed  us  in  possession  of  valuable  and  suggestive  facts  concerning 
the  main  albuminous  product  resulting  from  the  decomposition  of 
haemoglobin.  He  has  shown  that  when  a  solution  of  haemoglobin  is 
decomposed  by  the  addition  of  small  quantities  of  hydrochloric  acid, 
it  yields,  as  main  products,  4*2  per  cent,  of  haematin  and  86*5  per 
cent,  of  a  characteristic  albuminous  substance  for  which  he  retains  the 
name  of  globin.  lie  has  shown  that  this  substance  belongs  to  the 
class  of  "  the  Histons,"  so  that  it  would  have  been  preferable,  in  our 
opinion,  if  Schulz  had  applied  to  his  new  body  such  a  name  as 
**  Haemato-Histon,"  which  would  have  indicated  both  its  origin  and  its 
affinities. 

Schulz's  method  of  preparing  globin,  as  described  by  him,  is  essen- 

*  Schulz,  Dr.  Fr.  N.,  **  Die  Kiweisskorper  des  H»moglobins,"  *Zeit8chr.  f. 
physiol.  Chemie,  vol.  24  (1898),  p.  449. 

t  Bang,  Ivar,  **  Studien  iiber  Histon,"  '  Zeitsohr.  f.  physiol.  Chem.,*  1899, 
p.  463. 
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ually  ii^  follows  :  to  H  soluticm  uf  crystal lisef I  hiemoglobiiij  either  pre- 

HirLHl  by  Hoppe-Seylcr*s  methcul  or  by  the  aramonium  sulphate  method, 

lilutti  hytlrochloiU'  Jicid  is  jtdiled  fji  extremely  small  quantities^  until 

Hocculcnt  bniis  11  prccipitcttL^  bi\h  which  is  imniediiitely  dissolved  by 

Jhe  slightest  excess  of  Hcid.     The  solution  then  no  longer  exhibits  the 

leautiful  red  colour  of  hjcmo^lcibin,  but  has  Hssumed  a  browu  colour. 

(t^t  only,  remarks  Schnk,  ha^  its  colour  changed^  but  n  complete 
leparatioji  bus  oeenrred  between  the  albuminous  and  coloured  eon- 
Itituents  of  hii.-mojL^loljiri,  If  to  the  sohition,  whiqji  has  now  a  faint 
Icirl  rciiction,  about  one- fifth  of  its  volume  of  80  per  cent,  alcohol  W 
Idded  atid  the  mixture   l^c  shalcen  with  ether,  the  whole  [■'«fV]  of  th& 

objuring  matter  it;  taken  up  by  the  ether,  whilst  the  subjiicent 
Iqueous-aleoholic,  perfectly  clear  solution  contains  the  decolourised 
Ituminous  matters,  Schulz  gives  particular  directions  as  to  the 
Ijiecautions  which  niiiJst  l.>c  t;tkcn  in  order  that  the  separation  of  the 
Ithereal  solution  of  the  colouring  matter  should  be  complete,  stating 
[hat  u  certain  relation  miL'it  exist  betireen  the  proportions  of  water, 
llcohol,  and  ether,  which  must  be  experiment)dly  determined  in  each 
I'Rse,     Ey  the  above  procean  there  is  obtained  a  more  or  less  brownish- 

'el low  solution,  containijig  both  alcohol  and  water  and  having  a 
taintly  acid  reaction.     On  neutralising  this  solution  with  ammonia,  a 

nintly   yellow,    coarnely    flocculent    precipitate    falls.     The  latter  is 
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20  c.c.  of  decinonnal  hydrochloric  acid  to  effect  the  complete  separa- 
tion of  globin  from  the  colouring  matter. 

We  found  that  agitation  with  ether,  unless  repeated  several  times, 
fails  to  remove  all  the  colouring  matter  which  is  capable  of  removal 
in  this  way.  Further,  we  foimd  that  even  when,  as  a  result  of  agita- 
tion with  ether,  the  aqueous-alcoholic  solution  of  globin  is  of  the 
faintest  straw  colour,  on  being  neutralised  with  ammonia  the  preci- 
pitated globin,  which  is  at  first  colourless,  assumes  a  somewhat  reddish 
tinge,  and  when  subsequently  dissolved  in  water  faintly  acidulated 
with  acetic  acid  the  solution  is  much  more  deeply  coloured  than  the 
original  aqueous-alcoholic  solution. 

The  following  is  the  precise  method  which  we  followed  in  preparing 
the  solutions  employed  in  our  polarimetric  determinations  : — 

100  c.c.  of  a  solution  of  four  times  crystallised  haemoglobin,  con- 
taining 1*84  grammes  of  the  substance,  was  diluted  with  100  c.c.  of 
distilled  water  and  treated  with  20  c.c.  of  decinormal  hydrochloric 
acid.  44  c.c.  of  absolute  alcohol  were  then  added  to  the  liquid,  which 
was  placed  in  a  stoppered  separating  funnel  and  thoroughly  agitated 
with  its  own  volume  of  ether.  The  aqueous-alcoholic  liquid  having 
1)een  separated  from  the  supernatant  ethereal  solution  of  colouring 
matter  was  twice  more  agitated  with  fresh  quantities  of  ether.  By 
proceeding  as  we  have  described,  the  separation  of  the  solution  of 
globin  occurred  completely  after  the  first  agitation  with  ether,  and  the 
ijohition  after  the  third  agitation  only  possessed  a  faint  straw  coloura- 
tion. In  certain  cases,  the  globin  was  separated  according  to  the 
method  of  Schulz  by  precipitation  with  ammonia,  the  flocculent  pre- 
oipitiite  being  subsequently  dissolved  in  very  weak  acetic  acid.  In 
this  manner  was  prepared  the  solution  of  globin  which  served  for  the 
Hrst  set  of  determinations  recorded  below.  As  it  was  impossible  to 
obtain  in  this  way  solutions  sufficiently  colourless  to  allow  of  their 
rotation  to  be  determined  satisfactorily  for  light  of  the  wave-length 
of  D,  this  was  done  as  in  the  case  of  haemoglobin  for  light  of  the  mean 
wave-length  of  C.  In  the  second  set  of  observations,  the  rotation  of 
the  aqueous-alcoholic  solution  resulting  from  the  decomposition  of 
hiemoglobin,  after  thorough  agitation  with  ether,  was  determined. 

Glohin  a  Lmvorotatory  Suhdance, 

Preliminary  observations  having  shown  that  solutions  of  globin 
aie  optically  active  and  Isevogjo^ous,  the  following  sets  of  observations 
were  made  with  the  object  of  determining  the  specific  rotation  of 
solutions  of  the  substance. 

1.  A  solution  of  globin  in  distilled  water,  but  containing  a  little 
acetic  acid,  was  examined  with  the  arrangement  for  red  light,  as  was 
used  in  the  case  of  haemoglobin.     The  solution  contained  2*4  grammes 
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of  globin  in  100  c.o.      It  exhibited  in  the  most  characteristic  manner 
the  reactions  of  globin. 

The  tul)e  employed  measured  1  decimetre.  The  angle  of  rotation 
(mean  of  many  deierminations)  was  -  r'30. 

From  the  above  data,  it  follows  that  in  the  case  of  this  feebly 
acid  solution  of  glol>in,  containing  2*4  per  cent.,  the  specific  rotation 
[a]c=  -54^-2. 

2.  The  faintly  straw-coloured  solution  obtained  by  the  decomposition 
of  haemoglobin  l>y  means  of  dilute  hydrochloric  acid,  the  addition  of 
alcohol  and  repeated  agitation  with  ether,  was  placed  in  a  shallow 
capsule  in  a  current  of  air  for  some  hours  and  afterwards  on  the 
water-bath  at  the  temperature  of  40'  C.  In  this  way  all  the  ether 
and  some  of  the  alcohol  were  expelled.  The  perfectly  clear  straw- 
coloiu*ed  solution,  which  had  a  density  of  987*4  at  16°  C,  containefi 
0*98  gramme  of  solid  matter  in  100  c.c. 

Monochromatic  sodium  light  was  employed  in  the  polarimetric 
observations.  The  tube  employed  measured  1  decimetre.  The  angle 
of  rotation  (mean  of  many  determinations)  was  -  0***64. 

From  the  above  data,  it  follows  that  in  the  case  of  this  feebly  acid, 
aqueous-alcoholic  solution  of  globin,  containing  0*98  per  cent,  of  solids 
the  specific  rotation,  [a]D=  -  eS^-S.  It  may  be  pointed  out  that  the 
greater  part  of  the  discrepancy  between  the  results  of  the  polarimetric 
measurements  of  the  solution  of  separated  globin  and  of  the  solution 
now  under  discussion  is  to  be  explained  by  the  difference  in  the  wave- 
length of  the  light,  of  which  the  rotation  of  the  plane  of  polarisation 
was  determined  in  the  two  cases. 


Genf*ml  Conclumms. 

The  following  are  the  conclusions  to  which  we  have  been  led  by 
the  experiments  described  in  this  paper  : — 

1.  Haemoglobin  is  a  dextrogyrous  albuminous  body. 

2.  Globin,  which  is  the  principal,  or  as  we  are  inclined  to  believe, 
the  only  albuminous  product  of  the  decomposition  of  haemoglobin  by 
highly  dilute  hydrochloric  acid  under  the  conditions  determined 
by  Schulz  and  confirmed  by  our  own  ol>servations,  behaves  as  a 
normal  albuminous  sul)8tance,  in  respect  to  its  influence  on  the  plane 
of  polarisation  of  light,  t>.,  it  is  a  laevogyrous  body. 

WTiilst  the  conclusions  above  stated  are  beyond  question  correct,  we 
wish  it  to  be  understood  that  the  numbers  expressing  the  specific 
rotation  of  the  bodies  which  we  have  examined  must  be  looked  upon 
as  very  close  approximations  and  may  need  revision  in  the  case  of 
haemoglobin  by  determinations  carried  out  with  a  more  perfectly  mono- 
chromatic  and  intense  light  thaiv  tViaX  vf\\\ciVv  we  have  employed,  and 
'n  the  case  of  globin  by  working  vr\\\v  \\v^  sv^%\.w\t^  vcv  w -^xxx^^  ^^ss^i^ 
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tiou  than  is  possible  in  the  actual   state  of  our  knowledge  of    this 
l)ody. 

We  hope  to  be  able  to  carry  out  these  further  investigations,  and  to 
direct  oiu*  attention  to  the  optical  activity  of  the  coloured  products 
of  the  decomposition  of  the  hsemoglobin  molecule,  especially 
haeraochromogen  and  hsematin  and  their  coloured  derivatives. 

In  conclusion,  we  have  to  express  our  thanks  to  the  Managers  of  the 
Davy-Faraday  Laboratory  of  the  Royal  Institution  for  the  facilities 
which  they  afforded  us  in  carrying  on  the  optical  part  of  our  work. 
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Part  I. — Bibliographical  and  Critical. 

In  a  research  in  which  one  of  us  was  associated  with  Dr.  A.  Croft  Hill, 
it  was  discovered  that  Haemoglobin  is  a  dextrorotatory  body,  whilst 
the  interesting  Histon-like  albuminous  substance  Globin,  which  is 
obtained  by  the  splitting  up  of  Haemoglobin  under  the  influence  of 
highly  diluted  hydrochloric  acid,  and  of  which  the  characters,  no  less 
than  the  mode  of  preparation,  have  only  been  known  since  the  researches 
of  Fr.  N.  Schulz,  is  a  normally  laevogyrous  albuminous  body. 

These  interesting  observations  naturally  suggested  the  probability 
that  the  Nucleoproteids  might,  like  Haemoglobin,  prove  to  be  dextro- 
gyrous,  and  the  research  of  which  the  first  results  are  contained  in 
this  paper  is  the  outcome  of  this  idea.  The  hypothesis  has  been  fully 
confirmed,  as  will  be  shown  in  the  sequel,  and  it  has  thus  been  proved 
that  some  of  the  members  of  a  group  of  albuminous  bodies  of  great 
importance  in  the  life-history  of  the  organism,  are  dextrorotatory 
bodies. 

The  preparation  of  nucleoproteids  of  such  purity  and  especially 
so  free  from  contaminating  colouring  matters  as  to  yield  solutions 
sufficiently  transparent  and  colourless  for  polarimetric  work,  was  a 
necessary  preliminary  to  oiu*  special  researches,  and  has  led  to  the 
discovery  of  many  facts  of  interest  in  relation  to  the  chemistry  of 
the  nucleoproteids. 
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tfiiif  fltr  S/'ii.'if'  hi  tvhit'h  fh'  iMttrv  Term  is  med  in  Um  Prt&Md  Fajk^r. 

Uy  the  term  Nucleoproteidi^T  we  designate  cotnpleK,  or  mther 
hmpotuitl,  ulbimiuioiis  anli^iiaiicu?;  which  are  the  constituents  of  tbtJ 
liclefitcd  protoplasm  of  all  the  organs  of  the  aoimal  hody,  but 
Ipecially  of  the  ductless^,  as  well  as  of  the  secreting,  glands.  These 
pdies  are  characterised  hy  the  largo  quantity  of  phosphorus  which  they 
Intain,  hy  the  tonstiuit  presence  of  iron,  and  Iiy  the  fact  thut  under 
Ic  infhicncc  of  heat,  hy  the  action  of  acids,  of  alkalies,  but  especially 

pepsin  n.nd  hydroihlorie  acid,  acting  at  temperatures  favourable  ttk 
leir  action,  they  hsplit  up  into  albuminous  matters,  and  into  so-called 
lue  (to  distinguish  them  from  pseudo-)  nncleins.  The  latter  differ 
lorn  the  mother  nucleoproteids  which  yielded  them,  hy  the  fiict 
lat  they  result  from  the  wplittin^-oif  of  a  fraction  of  the  idbuminuus 
lolecules  which  these  contained  in  their  pristine  and  native  ton- 
Ition.  These  seconflary,  or  wc  may  say,  degraded  nucleoproteide, 
Ithc  nuclei ns,"  contaiji  all  the  phosphorus  originally  present  in  the 
lother  snbst^iuce. 

By  the  action  of  tan^tic  alkaJies  and  heat,  the  nucleins  yiehl  as 
rothiets  of  decomposition,  alhuniinous  matters,  and  the  so-c^lleil 
leinic  acids,"  bodies  which  vary  in  composition  in  the  diffeit^nt 
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appear  to  be  in  unison  with  the  facts  known  to  us  (Schmiedeberg, 
Levene,  W.  Jones  and  G.  H.  Whipple,  T.  B.  Osborne  and  I.  F. 
Harris).* 

Hammarsten,t  to  whose  researches  on  the  nucleoproteids  and  their 
relations  to  the  nucleins  we  owe  much  of  our  knowledge  of  these 
bodies,  would  restrict  the  term  "  Nucleins  "  to  the  albuminous  com- 
pounds of  the  nucleinic  acids  which  remain  undissolved  after  prolonged 
digestion  with  pepsin  and  hydrochloric  acid.  But  this  limitation 
appears  to  us  undesirable  and  unphilosophical,  and  we  think  that  the 
term  nuclein,  which  it  is  convenient  to  retain,  both  for  historical  and 
descriptive  reasons,  should  be  applied  to  designate  all  those  bodies 
resulting  from  the  splitting-off  of  some,  but  only  some,  of  the  albuminous 
molecules  originally  forming  part  of  the  more  complex  nucleoproteid 
mother  substance.  It  is  in  this  sense  that  we  shall  in  this  paper 
■employ  the  term  nuclein,  it  being  understood  that  every  nuclein  is  to 
be  considered  a  nucleoproteid,  inasmuch  as  it  is  a  compound  of  an 
albuminous  body  with  a  nucleinic  acid  or  acids. 


The  Hemivclies  of  Hammarsten  on  the  Nucleoproteids  of  tJie  Fancreiis, 

In  his  most  interesting  and  suggestive  paper  published  in  the  year 
1894,  Hammarsten  gave  an  account  of  two  nucleoproteids  which  he 
bad  obtained  from  the  pancreas. 

The  first  of  these  bodies  he  designated  proteid-a.  He  ascertained 
that  this  body  which,  being  soluble  in  water,  is  present  in  cold  aqueous 
<ixtracts  of  the  pancreas,  is  precipitated  by  acetic  acid,  and  that  when 
boiled  its  solutions  yield  a  coagulated  albuminous  substance,  the  sul)- 
.stance  remaining  in  solution  l>eing  presumably  nucleoproteid-^. 
Although  Hammarsten  fully  recognised  that  the  first  or  a-body  was 
the  mother  substance,  and  that  proteid-)3  was  only  a  product  of  its 
<iecomposition,  he  devoted  his  attention  to  the  latter,  being  actuateti 
by  the  following  reasons : — In  the  first  place,  his  object  being  at  that 
time  to  study  the  non-albuminous  products  of  the  pancreatic  nucleo- 
proteid, it  appeared  to  him  more  simple  and  wiser  to  take  as  the 
starting-point  of  the  investigation  a  material  containing  less  albumin. 
The  chief  ground,  however,  for  leaving  the  more  interesting  nucleo- 
proteid provisionally  uninvestigated  was  the  great  diflficulty  of  obtain- 

*  O.  Schmiedeberg,  *Archiv  f.  experiment.  Path,  u.  Pharmak  /  vol.  43  (1899), 
p.  57 ;  P.  A.  Levene,  *  Zeitschr.  f.  physiol.  Chem.,  vol.  32  (1901),  p.  541 ;  W. 
Jones  and  ».  H.  Whipple,  *  Amer.  Jour,  of  Phys.,'  vol.  7  (1902),  p.  423.  See 
particularly  the  recent  paper  by  Thomas  B.  Osborne  and  Ifaac  F.  Harris,  "  Die 
NucleinsAure  des  Weizenembryos,"  *  Zeitsch.  f.  physiol.  Chem.,'  vol.  36,  Heft  2 
(September,  1902),  p.  85. 

t  Olof  Hammar»ten,  "  Zur  Eenutniss  der  Nucleoprotolde,"  *  Zeitsohr.  f.  physiol. 
Chem.,  vol,  19  (1894),  p.  19. 
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hg  H  in  uny  ciogreo   pure,  attempts  at  purification  l>cing  attended 

ritli  such  los8  thnt  the  yidd  was  too  siuhIL 

H.annnarstcu  remarked  that  aniong  the  impurities  most  difficult  to 
|e parate  was   t  h  l^  h )  uO(  I  -t  o I ou r i  i ig  ra alter,  as  wel  1  as  anoth e r  colouring 

latter  which  he  believed  to  bu  produced  by  the  action  of  the  air  on 
Ihe  nucleoprut^jid  itself,  Furthei',  another  imptuity  adheritig  to  th& 
lueleoprfjt^id  whs  foiiiul  Tiy  Hamnuireten  to  be  trypsin,  which  he  was. 
Inable  to  separate  from  it.  He  remarks,  indeed,  that  the  proteolytic 
]r:'ti\ity  of  the  sulistanee  is  so  intense  that  in  no  other  way  could  he 
lb  tain  so  powerfully  acting  a  trypsin. 

Having,  for  the  reasons  al>o\  e  itated^  abandoned  the  study  ol  the 
1 1  teres  ting  mother'subatauce,  his  jiucleoproteid-a,  Hammarsten  then 
lirected  his  attention  to  the  fi-hody.  This  body,  he  did  not  seek  to 
Ibtain  by  the  decomjKJsition  of  the  mother  substance,  of  which  it  is  a 

rodntt,  but  by  adopting  the  following  method: — ^he  boiled  the  finely 
Itmuninutcd  and  perfectly  frei^h  pancreatic  gland  of  the  ox  in  water 
Ind  obtained,  after  filtration,  a  perfectly  clear,  faintl}'  yellow  solution^ 
which  he  added,  after  cooling,  from  1  to  2  pirts  of  hydrochloric 
Icid,  or  from  5  to  10  parts  of  acetic  acid  per  1000  parts  of  the  liquid. 
In  this  maiuicr  he  ol>trdncd  an  abundant,  white,  fiocculent  precipitate. 
lie  dissolved  the  substarRC  thus  precipitated  in  water,  with  the  aid  of 
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Although  unable  to  separate  the  reducing  substance  in  a  state  of 
purity,  he  succeeded  in  preparing  an  Osazone  of  constant  melting 
point  and  the  characters  of  which  agree  with  those  of  the  osazone  of  a 
pentose,  an  observation  which  absolutely  coincides  with  the  researches 
of  Kossel  and  Bang,  which  establish  the  presence  of  a  carbohydrate 
nucleus  in  the  nucleinic  acids  and  the  formation  of  pentoses  when  they 
are  subjected  to  the  hydrolytic  action  of  dilute  mineral  acids  and  heat. 
Further,  Hammarsten  showed  that  when  his  nuclein  was  decomposed 
l>y  heating  with  a  3  per  cent,  solution  of  sulphuric  aeid  on  the  water 
hath,  a  crystalline  sediment  often  separated  which,  after  being  purified, 
was  analysed  and  shown  to  consist  of  guanine  sulphate.  Later,  at 
Hammarsten's  instigation,  Ivar  Bang,  continuing  the  investigation, 
prepared  from  Hammarsten's  nuclein,  the  nucleinic  acid  to  which  he 
ascribed  the  name  of  Guanylic  Acid. 

Part  2. — Experimental. 

(hi  Ihe  NucleoprotciJ  of  the  Pancreas  and  on  Ceiiain    Characierm  of  the 
NtLcleinii  which  are  assodaied  with,  or  derived  frorn^  it, 

A.  The  Nucleop'oteid. 

Method  of  Preparation. 

The  finely  divided  pancreas  of  the  pig  was  treated  successively  with 
50  per  cent,  alcohol,  75  per  cent,  alcohol,  and  95  per  cent,  alcohol,  and 
finally  subjected  to  the  action  of  absolute  alcohol  and  ether,  with  the 
object  of  dehydrating  it.  The  material  thus  obtained  was  extracted 
with  successive  portions  of  a  5  per  cent,  solution  of  ammonium  acetate, 
the  united  extracts  were  filtered,  and  the  perfectly  clear  fluid  was 
poured  into  four  times  its  volume  of  weak  alcohol.  The  precipitate  thus 
formed  was  washed  by  decantation  with  a  large  amount  of  dilute 
jilcohol,  and  finally  dried  with  absolute  alcohol  and  ether.  The  object 
of  this  series  of  procedures  was  to  remove  the  colouring  matter  of  the 
gland,  which  is  somewhat  soluble  in  dilute  alcohol,  more  so  in  an 
fileoholic  solution  of  ammonium  acetate,  but  soluble  to  a  very  slight 
extent  in  an  aqueous  solution  of  ammonium  acetate.  These  manipula- 
tions also  remove  a  large  amount  of  inorganic  salts,  and  render  the 
coagulable  albuminous  substances  insoluble. 

A  2  per  cent,  aqueous  solution  of  this  raw  material  had  only  a  pale 
yellow  colour,  and  it  was  found  that  it  could  easily  be  examined  in  a 
tube  measuring  220  mm.  \*'ith  the  polarimeter,  monochromatic  sodium 
light  being  employed.  The  polarimeter  was  a  "  Halbschatten-Polari- 
meter  "  made  by  Schmidt  and  Haensch  of  Berlin.  The  result  of  the 
exawination  was  to  slww  that  the  sohUion  contained  a  dextrorotatory  substance. 
The  solution^  vrwreoveTy  failed  to  give  any  indication  of  the  ^presence  of  a 
reducing  substance^  even  by  prolonged  boiling  with  Fehling's  soluticnx^  wnjI 


m 


Pinfs,  A.  iiiiiiiL^er  iiTul  W.  Jones. 


[Feb.  y. 


Ja^  fmiiul  to  Ikj  rieh  in  uiatLTiid  whk-h  yields  xHnthiTie  l*ases  mi 
Ivflrolysis  with  i^iilphiiric  anvl 

Thii  main  pjrtion  of  the  ;^lah(]  substance,  purified  by  the  processes* 
pove  def:Li  iUed^  was  treat4^(l  with  20  partes  of  water,  and  to  the  filtered 
MiUioM  acetic  acid  was  added,  drop  by  drop.     Wheti  a  quantity  of 

id  liad  licon  added  sufficient  to  bring  the  amount  of  acid  in  the 
litire  solution  to  ]  per  cent.,  a  well-defined  white,  Hocculent,  precipi- 
iLte  aep;uated.  This  precipitate  of  luicleoproteid  was  separated  liy 
lie  centrifuge,  isusperided  in  wat^r,  and  treated  with  an  extremely 
lihite  solution  of  aiuniouia,  drop  by  drop,  and  the  reaction  of  the 
Iquid  continuously  tested  with  litmi^s.  A  very  sTuall  amount  of  alknli 
[as  needed  to  neutralise  ihu  adherent  aeetic  add,  when  the  solution 
Itjeamc  neutral  and  remainorl  so  until  approximately  twice  as  much 
lumonia  had  been  used  as  had  been  required  to  completely  diasolve 
lie  nuclcoproteid.  Kvidenlly,  the  rmcleoproteid  is,  at  least,  a  dibiisit* 
n<\^  whose  acid  ammo?iiuni  salt  is  soluble  in  water  and  neutral  to 
tmu8. 

Purification  of  the  nucleijprotcid  was  effected  hy  alternate  soitition 

ammonia  and  prccipitatinn  with  a  minimal  quantity  of  acetic  acid, 
[he  firnd  solution  was  poured  into  five  volumes  of  D5  per  cent,  alcohol, 
[ashed  repeatedly  by  deciuiLation  wuth  excessively  large  qtiantities  of 
:^r  cent,  alcohol  and  t-iher,  arul  then  placed  in  an  exsiccator  over 
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B.  Nuclein  accompanying ^  and  probably  resulting  from,  the  NMcleopi'oteid. 
Method  of  Preparation. 

The  aqueous  extract  of  the  purified  gland  substance  to  which 
acetic  acid  had  been  added  imtil  it  contained  1  per  cent,  of  the 
latter,  and  from  which  the  nucleoproteid  had  thus  been  separated,  was 
treated  with  20  per  cent,  acetic  acid  added  a  drop  at  a  time.  When 
the  liquid  contained  2  per  cent,  of  the  acid  not  the  slightest  precipita- 
tion had  occurred.  Continued  addition  of  acetic  acid,  however,  soon 
caused  a  turbidity,  and  when  the  acidity  reached  5 — 6  per  cent.,  a 
well-defined  flocculent  precipitate  fell.  This  precipitate,  which  we 
shall  call  nuclein,  was  separated  by  means  of  the  centrifuge  and,  .at  a 
great  cost  of  material,  was  twice  washed  with  water,  the  washings 
being  separated  by  centrifugalising.  The  washed  nuclein  was  suspended 
in  water,  and  solution  of  ammonia  added  cautiously,  one  drop  at  a 
time ;  when  the  nuclein  was  completely  dissolved,  the  reaction  of  the 
liquid  was  still  acid  to  litmus.  This  solution  was  poured  into  four 
volumes  of  95  per  cent,  alcohol,  and  the  precipitated  nuclein  washed  and 
dried  by  the  methods  descril>ed  in  the  case  of  the  nucleoproteid. 

The  fluid  from  which  the  "  nuclein  "  had  been  precipitated,  as  has 
been  stated,  was  now  poured  into  four  volumes  of  alcohol,  and  the 
precipitate  thus  thrown  down  was  washed  and  dehydrated  by  the 
action  of  alcohol  and  ether.  This  preparation,  which  is  necessarily 
very  impure  and  especially  rich  in  organic  salts,  will  be  described  and 
referred  to  as  "  residual  material." 

Thus,  by  fractional  precipitation  with  acetic  acid,  in  the  presence  of 
inorganic  salts,  we  have  obtained  three  preparations.  The  nucleo- 
proteid, which  is  doubtless  the  body  which  Hammarsten  denominated 
Proteid-a,  is  almost  insoluble  in  pure  water,  but  may  be  dissolved  by 
minute  quantities  of  ammonia  and  caustic  soda.  The  body  which  we 
have  termed  nuclein,  to  indicate  our  opinion  of  its  relation  to  the  first 
substance,  is  solul)le  in  water  with  the  greatest  ease. 

By  the  addition  of  a  trace  of  copper  sulphate  to  a  solution  of  the 
nucleoproteid  in  caustic  soda  a  fine  pink  colour  is  produced,  but  not  a 
shade  of  violet  makes  its  appearance  until  a  comparatively  large  amount 
of  copper  solution  has  been  added,  a  reaction  which  resembles  closely 
"•  the  biuret  reaction  "  with  the  proteoses.  The  "  nuclein  "  by  similar 
treatment  gives  only  the  faintest  pink  colour,  the  violet  shade  being 
o]>scrved  even  when  a  very  small  amount  of  copper  sulphate  is  used, 
while  the  "  residual  material "  produces  a  violet  colour  from  the 
])eginning. 

It  has  recently  been  shown  by  one  of  us*  that  the  nucleoproteid  of 

*  Walter  Jones  and  G-.  H.  Whipple,  "  The  Nucleoproteid  of  the  Suprarenal 
Gland,"  *  Amer.  Jour,  of  Phys.,'  vol.  7  (1902),  p.  423. 
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he  pancreasi  proparut!  hi  sulisUntmlly  the  same  manner  as  the  pre- 

mitiiinH  L^mployeil  in  the  present  research,  yic'tls,  when  suhjectecl  to 

Ivdrolytic  treatmt^nt,  tvvo  of  the   xanthine  haseSi  viz.,  guanine  atid 

jleniTie,  iind  in  a  mtio  which  clo.^ely  approdmiiteii  four  equiTalentsi 

the  fnrmor  to  one  of  the  latter.     The  **  nutilein "  and  "  residual 

liateriiil  "  <?f  the   present  re^eacrh  were  iiho  foiind  to  yiehi  xanthine 

la§es  on  hydrolysis  with  Hulphnrie  acid.     All  the  three  prepanition;? 

Indcr  discussioti  contain  phosphorns,  all  are  completely  precipitated 

worn  aqueous  or  faintly  alkaline  Hohitiotis  by  the  adrlition  of  a  truce 

If  hy<lroi  hloi'jc  rcid,  and   all   yield   precipitates   when  theLr    neutral 

[)lutions  are  hnile<U 


Opfif'Jtl  i^roiff'iik^^  of  tlie  J^iid-eitu 

We  had  convinced  nnrselves  hy  the  following  experiment  that  the 

pecifie    rotation    ijf    the    i^nh^tanco    which    we    have    denominHtcd 

J  nnelein  "  wonld  lie  found   to   he  greater  than  that  of  the  micleo- 

Iroteifl,  bcffire  we  had  the   opportunity  of  making  a  careful  optical 

Ixand  nation  of  the  fornuT  substance. 

A  perfectly  nentral  eolation  of  the  neucleoproteid  was  preparefl  by 
jieating  some  of  the  subnta^ce  with  water  and  an  insuflScient  anionnt 
If  ammotiia  to  effect  complete  solution.     The  fi ltere<l  fluid,  examine*! 
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tion,  we  have  to  remark  that  we  noticed  several  times  that  very 
slight  laevorotatory  filtrates  were  obtained  when  hydrochloric  acid  was 
nsed  for  precipitating  the  proteid,  and  especially  when  the  acid  fluid 
was  allowed  to  remain  in  contact  with  the  precipitate.  Presumably, 
the  negative  rotation  is  due  to  an  optically  negative  acid  albumin 
being  formed,  which  is  soluble  in  the  dilute  hydrochloric  acid. 

As  in  the  case  of  the  nucleoproteid,  a  solution  of  the  nuclein  yields 
H  coagulum  on  heating,  and  the  rotation  of  the  solution  is  not  appre- 
ciably changed.  This  would  lead  one  to  assume  the  existence  of  a 
nuclein  of  which  the  specific  rotation  is  greater  than  +  Qi'^'L  It  can 
easily  be  proved  that  such  a  substance  exists  in  the  preparation  which 
we  have  designated  "  residual  material." 

A  weighed  amount  of  this  substance  was  dissolved  in  a  measured 
volume  of  water.  The  solution  was  examined  with  the  polarimeter, 
treated  with  hydrochloric  acid,  and  the  amount  of  matter  determined 
in  the  filtrate,  which  was  found  to  be  optically  inactive.  The  follow- 
ing data  were  obtained  : — 

Weight  of  substance  taken 0*520  gramme. 

Weight  of  optically  inactive  matter  ...       0*269        „ 

Weight  of  optically  active  matter 0*251        „ 

Volume  of  solution  25  c.c. 

Observed  angle +V  38' 

Length  of  tube 200  mm. 

[alu=  +8r*l. 

0.  Hammar8ten*s  Preparation. 

As  we  have  already  explained,  Hammarsten's  so-called  nucleopro- 
teid-/?, which  is  obtained  from  an  extract  of  pancreas  made  by  boiling 
the  finely  comminuted  gland  in  water  must,  ipso  fado,  bo  a  nuclein. 
The  results  which  we  had  obtained  and  which  have  been  described, 
made  it  highly  desirable  that  we  should  make  an  optical  examina- 
tion of  this  substance  also.  By  slight  departures*  from  the  method 
<lescribed  hy  Hammarsten,  which  were  absolutely  necessary  to  remove 
the  colouring  matter,  but  which  cannot  possibly  have  exercised  any 
influence  on  the  chemical  nature  of  the  product,  we  were  able  to  pre- 
pare a  nuclein  which  must  have  been  identical  with  Hammars ten's 
pieparation  (nucleoproteid-)3).  The  substance  which  we  obtained  is 
.soluble  in  water,  and  gives  a  violet  biuret  reaction.  Its  solution  was 
comparatively   highly    coloured,  but   possessed   so  great  a   rotatory 

*  We  used  ammonia  for  redissoWing  the  nuclein,  instead  of  a  fixed  alkali 
employed  by  Hamroanten.  We  also  finally  poured  an  aqueous  solution  of  the 
nuclein  iuto  95  per  cent,  alcohol,  and  washed  by  decantatiou  with  absolute  alcohol 
and  ether. 


rif)4  PrnfH.  A,  Gamgee  and  W.  Jonefl*  [Peb.  9, 

I  power    that   fairly  satiiifHctory  polari  metric   observations    could    W 
|mu(]r!  in  solutions  of  great  dikitioTi.     The  sul^stance  is  dertrorotatory. 
The  following  datn  were  obtninod  : — 

Weight  of  i?til)stJLJice    ,  - ,.,,,..,., 0 •  200  gramme. 

A  olume  of  solution .......  25  c.t\ 

Observed  uugle  (mean  of  eight  readings)    ,<  C"  4T' 

Length  of  tube.-* 100  mra, 

(hi  the  XncJeohijiton  of  tlm  Th/inn^  Gland. 

It  would  sci^ui  quite  easy  to  obtain  this  substance  in  any  desired 
I  quantity  hy  followitii^  the  very  simple  method  which  Lilienfeld 
I  tie  sc  r  ibcd  i  1 1  t wei  1 1  y  1  i  i  r  c  s-  * 

This  method  leads,  howo^'er,  to  a  product  whose  solutions  are  highly 
lopideacent,  and  an  optieal  examiruttion  could  not  be  thought  of.  The 
leloudineas  is  so  persistent,  that  for  a  long  time  we  were  inclined  to 
I lielievo  it  to  l)e  a  property  inherent  in  the  aubstance.  We  finally  sue- 
Iceeded,  however,  irt  obtainiTig  solutions  almost  as  colourless  and 
Itrauspareiit  a^  distilled  Aviiter.     It  is  only  necessary  to  extract  Lilien- 

Ts  prepirjition  with  a  5  per  cent,  solution  of  ammoniimi  acetate 
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sheep  are  identical,  and  scarcely  differ  in  chemical  composition  from 
the  nucleoproteid  of  the  pancreas  prepared  substantially  by  the  same 
method  as  that  which  has  served  for  the  researches  described  in  this 
paper. 

The  following  table  exhibits  the  results  of  the  ultimate  analyses  of 
these  bodies,  and,  for  purposes  of  comparison,  the  analyses  made  by 
Hammarsten  of  his  preparation  is  also  given : — 

Nucleoproteid  Nucleoproteid  Nucleoproteid 

of  suprarenal  of  suprarenal  of  pancreas  Hammarsten's 

gland  of  sheep.  gland  of  ox.  of  pig.  preparation. 

C    46-22  46-81  45-83  43-62 

H  610  6-38  6-26  5-45 

P   4-70  4-72  505  448 

N  17-92  17-85  17-42  17-39 

As  closely  as  the  analytical  processes  at  command  could  determine, 
the  nuclcoproteids  of  the  pancreas  and  the  suprarenal  gland  yield 
guanine  and  adenine  in  the  same  relative  propoHions,  and  these  appear 
to  indicate  that  one  molecule  of  a  nucleinic  acid,  or  of  a  nucleo- 
proteid, may  peld  two  different  xanthine  bases. 

We  must  refer  the  reader  to  the  paper  quoted  above  for  a  descrip- 
tion of  a  method  of  separating  the  nucleoproteid  of  the  suprarenal 
gland.  As  is  well  known,  the  characteristic  physiologically  active  con- 
stituent of  this  gland  forms  a  dark  brown  pigment  when  exposed  in 
aqueous  solution  to  the  oxidising  action  of  the  air.  Aqueous  extracts 
of  the  gland  are  therefore  always  highly  coloured,  and  this  colouring 
matter  places  great  difficulties  in  the  way  of  the  preparation  of  sub^ 
stances  from  the  gland  which  are  intended  for  optical  examination. 
While,  therefore,  the  work  on  the  nucleoproteid  of  the  suprarenal 
gland  is  not  as  satisfactory  as  we  could  desire,  it  can  nevertheless  be 
stated  most  positively  that  this  nucleoproteid  also  is  dextrorotatory. 

The  method  of  isolation  which  we  employed  does  not  differ  essen- 
tially from  that  employed  in  the  research  already  referred  to,  except 
that  the  gland  was  extracted  several  times  with  acetic  acid  before 
removing  the  nucleoproteid.  A  substance  was  finally  obtained  which 
is  too  highly  coloured  for  accurate  polarimetric  determinations,  but 
which,  even  in  the  necessarily  high  dilutions  which  could  alone  be 
used,  could  easily  be  shown  to  be  dextrorotatory. 

The  following  data  were  obtained : — 

Weight  of  substance 0-199  gramme. 

Volume  of  solution    25  c.c. 

Observed  angle  -h0^23' 

Length  of  tube  100  mm 

[a]D=   +48'-l. 
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The  value  of  this  rotiitlon  i:^  liable  to  revision,  but  ita  direction  is 
beyond  cjucstioii. 

Before  form  iik  ting  the  gcMciJLl  con  elusions  which,  it  Appears  to  us, 
may  legitimately  be  deduci^i  from  the  rese^irchee  of  which  an  account 
I  hi\3   been   given   in  this    paper,  we  may  sum   up   our  work   in   the 
following  munner  :— 

S'nriimaty, 

yV\i  have,  in  thisi  paper,  described  six  Bubstancas  obtained   from 
variou3  glands  anil  have  given  methods  by  whicb  several  of  these  may 
I  bo  isolated  ii\u\  obtaiTicd  sulUciently  free  from  colouring  matters  to 
I  admit  of  exaet  polarimetnc  determinations. 

All  six  of  these  substances  yield  on  hydrolysis,  albuminous  bodies, 
I  phosphoric  acid,  and  purin  dcrivativea,  and  all  contain  iron  in  stable 
combination  ;  they  are,  theriifore,  all  imcleoproteids  in  the  wide  sense 
I  of  the  term. 

The  methods  of  preparation  were  such  as  to  exclude  all  dextro- 
rotatory sulmtancea  which  are  not  of  a  proteid  nature,  and  all  prepara- 
tions were  shown  to  be   free  from  su!)stanees  which  reduce  Febling's 
I  solution  even  on  ]iruIoJiij;ed  boiling.     Nevertheless,  all  these  substances 
were  found  to  be  dextrorotatory,  having  specific  rotations  for  light  of 
wave-length  of  D  which  vnry  from  37 '-58,  that  of  the  nueleohis- 
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enquiries.  We  trust,  therefore,  that  during  the  next  few  months  we 
may  be  permitted  to  work  out  so  far  as  we  are  able,  the  problems 
which  have  been  suggested  by  the  new  facts  recorded  in  this  paper. 

SupplemeTUari/  Bibliographical  Note, 

Since  the  above  paper  has  been  in  print,  it  has  come  under  the 
notice  of  one  of  us  that  the  late  Professor  Alexander  Schmidt,  of 
Dorpat,  in  his  published  researches  on  the  coagulation  of  the  blood,* 
drew  attention  to  the  fact  that  among  the  soluble  constituents  of 
protoplasm  was  a  body  to  which  he  gave  the  name  of  "  Cytoglobin," 
and  which  he  found  to  be  dextrogyrous.  So  far  as  we  are  aware,  this 
observation  of  A.  Schmidt  has  never  been  noticed  or  quoted,  either  by 
systematic  writers  on  physiological  chemistry  or  by  those  who  have 
devoted  their  attention  to,  or  written  upon,  the  subject  which  formed 
the  life-work  of  the  Dorpat  professor.  There  can  be  no  question  that 
Schmidt's  cytoglobin  was  an  exceedingly  impure  mixture  of  nucleo- 
proteids,  an  opinion  which  is  based  upon  the  fact  that  his  substance 
contained  12*52  per  cent,  of  ash,  and  that,  on  ultimate  organic 
analysis,  the  amount  of  carbon  found  was  56 '36  per  cent.,  as  compared 
with  45*83,  the  percentage  of  carbon  in  th&  nucleoproteid  of  the 
pancreas.  Still  the  fact  remains  that  this  indefatigable  worker,  whose 
suggestive  writings  have  been  too  little  read,  left  data  which  prove 
that  the  so-called  "  Cytoglobin  "  was  nucleoproteid  in  nature,  though 
in  no  sense  a  definite  proximate  principle,  and  that  this  impure  mixture 
of  nucleoproteids  was  characteristically  dextrogyrous. 

March  4,  1903.  A.  G. 

*  Alexander  Schmidt,  '  Zur  Blutlehre/  Leipzig,  Verlag  v.  F.  C.  W.  Vogel,  1892. 
Befer  to  the  chapter  entitled  *'  Ueber  den  in  Waeser  Idslichen  Bestandtheil  des 
Protophismas,"  &c.  (pp.  127 — 142)  ;  *  Weitore  Beitraege  zur  Blutlehre '  (nach  des 
Verfassers  Todo  herausgegeben).  Wiesbaden,  J.  F.  Bergmann,  1895.  Refer  to 
the  chapter  entitled  **Zur  Kcnntniss  des  Protoplasmas  und  seiner  Derivate'* 
(pp.  201—249). 
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f '  A  Note  on  a  Forai  of  Magnetic  Detector  for  Hertsdan  Wave^ 
adapted   for  Quantitative  Work/'     By  I)r,  J.  A.  Flkmtkg, 
KRS.,   Professor   of    Electrical    Engineering  in    University 
College,  London,     Kemvad  Febrtiary  11, — Bead  MaitsU 
1903. 

Tlie  known  power  of  electrical  oacilktions  to  demagnetise  irou 
Istcol  was  first  applied  in  tho  construction  of  a  detector  of  Hertrin 
IwaveBt  as  far  us  the  author  is  aware,  by  Mr,  E,  Kuthorford.* 
ll>owor    possessed    by    electrical    oscillations   to   annul   the   magi le tie 
I  hysteresis  of  iron  was  discovered  by  Mr,  O,  Marconi  aod  applied  by 
I  him  iJi  the  construction  of  his  ingenious  and  extraordinarily  sensitive 
I  Hertzian  wave  detector,    for   use  in    connection   with  wireless  tel6*^| 
|graphy,t 

The  following  note  describes  a  form  of  magnetic  Hertzian  wave 
I  detector,  which  has  lieen  constructed  by  the  writer  for  the  purpose 
I  quantitative  experiments  in  connection  with  Hertzian  waves. 

Every  one  who  has  experimented  with  a  Hertnian  oscillator, 

[electric  wave  radiator  in  any  form,  involving  a  spark  gap,  is   well 

law^are  of  the  immense  difVerence  in  the  radiative  ptjwer  produced  Ijv 


ive 
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surrounding  it.  The  amount  of  demagnetisation  was  detected  by 
means  of  a  magnetometer.  In  this  form,  it  has  been  much  used  in 
experimental  work,  but  it  was  not  a  telegraphic  receiver.* 

In  the  sensitive  telegraph  receiver  invented  by  Mr.  Marconi  the 
change  in  magnetisation  of  the  iron,  due  to  the  temporary  abolition  of 
hysteresis,  is  detected  by  the  production  of  a  sound  in  a  telephone 
connected  to  a  secondary  coil  surrounding  the  iron. 

After  trying  various  forms,  the  writer  has  found  that  a  convenient 
magnetic  detector  for  Hertzian  waves  can  be  constructed  in  the  follow- 
ing manner  : — 

On  a  pasteboard  tube,  about  f  of  an  inch  in  diameter  and  5  or 
6  inches  long,  are  placed  six  bobbins  of  hard  fibre,  each  of  which 
contains  about  6000  turns  of  No.  40  silk  covered  copper  wire.  These 
bobbins  are  joined  in  series,  and  form  a  well-insulated  secondary  coil, 
having  a  resistance  of  about  6000  ohms.  In  the  interior  of  this  tube 
are  placed  seven  or  eight  small  bundles  of  iron  wire,  each  about 
6  inches  in  length,  each  bundle  being  composed  of  eight  wires.  No.  26 
S.W.G.  in  size,  previously  well  paraffined  or  painted  with  shellac 
varnish.  Each  little  bundle  of  iron  is  wound  over  uniformly  with  a 
magnetising  coil  formed  of  No.  36  silk-covered  copper  wire  in  one 
layer,  and  over  this,  but  separated  from  it  by  one  or  two  layers  of 
gutta-percha  tissue,  is  wound  a  single  layer  of  No.  26  wire,  forming  a 
demagnetising  coil.  This  last  coil  is  in  turn  covered  over  with  one  or 
two  layers  of  gutta-percha  tissue. 

The  magnetising  or  inner  coils  are  connected  in  series  with  one 
another,  so  that  when  a  current  passes  through  the  whole  of  them,  it 
magnetises  the  whole  of  the  wires  in  such  a  manner  that  contiguous 
ends  have  the  same  polarity.  The  outer  or  demagnetising  coils  are 
joined  in  parallel.  Associated  with  this  induction  coil  is  a  rotating 
commutator,  consisting  of  a  number  of  hard  fibre  discs  secured  on  a 
steel  shaft,  which  is  rotated  by  an  electric  motor  about  500  times  a 
minute.  There  are  four  of  these  fibre  discs,  and  each  disc  has  let  in 
its  periphery  a  strip  of  brass,  occupying  a  certain  angle  of  the  circum- 
ference. These  wheels  may  be  distinguished  as  Nos.  1,  2,  3,  and  4. 
The  brass  sector  of  No.  1  occupies  95"  of  its  circumference ;  the  brass 
sectors  of  Nos.  2  and  3  occupy  135"  of  their  circumference;  and  that 
of  No.  4  disc  HO**  of  its  circumference.  Four  little  springy  brass 
brushes  make  contact  with  the  circumference  of  these  wheels,  and 
therefore  serve  to  interrupt  or  make  electric  circuits  as  the  disc 
revolves.     The  function  of  the  disc  No.  1  is  to  make  and  break  the 

*  Note  added  March  7bh.  A  general  term  seems  to  be  require  I  to  include  all 
forms  of  wave-detecting  devices.  The  author  suggests  the  word  luinascope  (from 
KVfia,  a  wave)  for  this  purpose.  Uncouth  phrasej,  such  as  anticoherer  or  telf» 
decohering -coherer  y  which  have  crept  into  use  in  connection  with  Hertzian  wave 
telegraphy,  would  be  rendered  unnecessary. 
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circuit  of  the  magiii3tising  coils  placed  mtmd  the  iron  IxindleSf  imd 
thus  hy  applying  u  magnetising  current  to  maguetla^  them  dxmtx^  a 
portion  of  one  jKBriod  of  rotation  of  the  disc,  imd  Icmivc  them  mag- 
netised in  lirtue  of  magnetic  retentivity  during  thi*  n.*maiiiing  portion. 
The  function  of  discs  2  cand  3  ia  to  ehort-circuit  the  terminak  of  th© 
secondary  coil  of  the  bobbin  during  tho  time  that  the  magnotisitig 
current  is  being  applied  by  diac  No.  1.  A  fienaitive  movable  eoil 
galvanometer  is  employed  in  connection  with  the  &econdary  coil,  one 
terminal  of  the  galvanometer  being  pcrnmncntly  connected  to  o«0 
terminal  of  the  seconrlary  coil,  and  the  other  terminal  connected 
through  the  intermittent  contact  made  by  the  disc  No.  4.  This  disc 
No*  4  is  so  set  that  dnring  the  time  that  the  secondary  coil  iii  short- 
circuited,  and  whilst  the  Imttery  current  ia  l>eing  applied  to  magn^tii^ 
the  iron  v^ire  bundles,  the  galvanometer  circuit  is  interrupted  hy  the 
contact  on  di^c  No.  4. 

The  operations  which  go  on  during  one  coniplote  revolution  of  tll6 
discs  are  as  follows  :^Firet  the  magnetising  current  of  a  battery  of 
secondary  celk  is  applied  to  magnetise  the  iron  bun  dies,  and  during 
the  time  this  magnetising  cuiTent  is  being  applied,  the  terminals  of 
the  fine  wire  secoiulary  coil  are  short-circuited  and  the  galvanometer 
is  disconnected.  Shortly  after  the  magnetising  current  is  inteiTUpfced 
the  secondarv  bobbin  ia  unshort-cireidted,  and  an  instant  aft«rwarde 
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instance,  to  show  in  a  very  marked  manner  the  great  effect  of  slight 
differences  in  the  surface  of  the  spark  balls.  If  a  steady  series  of 
sparks  from  an  induction  coil  is  passed  between  the  spark  balls  of  a 
Hertz  linear  radiator,  it  will  produce  a  steady  deflection  on  a  galvano- 
meter connected  with  the  above-described  receiver  placed  at  a  distance. 
If  the  balls  are  then  polished,  the  galvanometer  deflection  immediately 
increases  considerably.  If,  on  the  other  hand,  the  balls  are  slightly 
smeared  with  oil,  the  galvanometer  deflection  decreases.  If  the 
radiator  is  approached  to  the  receiver,  or  withdrawn  from  it,  corre- 
sponding variations  in  the  galvanometer  deflection  take  place. 

Such  an  instrument  will  probably  be  found  of  great  use  in  connec- 
tion with  the  design  of  radiators  and  transmitters  for  Hertzian  wave 
wireless  telegraphy.  Up  to  the  present  it  has  been  generally  difficult 
to  ascertain  whether  an  improvement  in  the  signalling  is  due  to  an 
accidental  increase  in  sensitiveness  in  the  coherer,  or  to  any  alteration 
or  change  made  in  the  transmitter. 

Similarly,  the  instrument  promises  to  be  of  considerable  use  in  the 
investigation  of  the  transparency  or  opacity  of  various  substances  to 
Hertzian  waves,  not  merely  qualitatively,  but  in  the  detennination  of 
a  coefficient  of  absorption.  Preliminary  experiments  of  this  descrip- 
tion made  with  the  above-described  instrument  seem  to  promise  for  it 
a  field  of  practical  utility,  both  in  the  laboratory  and  in  connection 
with  Hertzian  wave  telegraphy. 

In  the  numerous  experiments  which  finally  resulted  in  the  construc- 
tion of  the  above-described  form  of  wave  detector,  it  was  found  to  be 
essential  to  have  the  iron  core  in  the  form  of  a  number  of  small 
bundles  of  iron  wire,  each  wound  over  with  its  own  magnetising  and 
demagnetising  coil.  No  good  results  could  be  obtained  when  the  iron 
core  was  in  the  form  of  a  large  bimdle,  say  half  an  inch  in  diameter, 
and  enveloped  by  a  single  magnetising  and  demagnetising  coil. 

Another  condition  of  success  is  the  short-circuiting  of  the  fine  wire 
secondary  coil  during  the  time  of  magnetisation  of  the  core.  The  core 
can  be  indefinitely  increased  in  size,  provided  the  augmentation  of 
mass  is  obtained  by  multiplying  small  individual  cores,  each  consisting 
of  not  more  than  eight  or  ten  fine  iron  wires,  and  each  wound  over 
with  a  separate  magnetising  and  demagnetising  coil.  The  electro- 
motive force  in  the  secondary  coil  can  in  this  manner  be  increased  as 
much  as  is  desired,  and  a  very  sensitive  wave  detector  produced.  The 
commutator  can  be  driven  either  by  an  electric  motor  or  by  any  other 
source  of  power. 

In  conclusion,  I  have  pleasure  in  mentioning  the  intelligent  assistance 
rendered  to  me  by  Mr.  A.  Blok  in  the  experiments  conducted  in  con- 
ne«:tion  with  this  appliance. 


c 

1 

«Q2 

A  New  Form  of  Self-restoring  Cokn-er. 

Plfar.  18, 

"  A  New  Foi-m  of  Self-i-catoring  Coherer*"  Uy  Sir  Olb^e  Lodgk, 
F<R.S.  CounnunicatcHl  verbally  March  i\ — Koceived  iu 
Manuscript  March  18,  1903. 

On  the  general  subject  of  the  detection  of  Ifertziau  waves  the 

wiiter  took  the  opportunity  of  the  discussion  on  Dr.  ricming  s  paper 
(p,  396),  to  descnl>e  briefly  the  h;test  form  of  loherer,  which  Dr.  Muir- 
head  ami  he  had  brought  out  and  always  now  employed  in  conuectlan 
with  space  telegraphy j  and  which  their  assistant  Miv  K*  E*  Itohin&on 
had  helped  to  work  out.  It  might  Ije  (iescribcd  as  a  development  of 
the  mercury  foim  of  coherei  described  some  yeats  ago  by  Loril 
ll^iyleigh,  and  again  in  a  modified  fashiou  by  Mr.  Eollo  Appleyard* 
In  Lord  Rayleigh'a  form  this  consisted  of  a  pool  of  mercury  cut  ^icrosa 
with  a  paraffined  knife,  and  the  two  half  pools  connected  to  a  battery 
aud  key.  As  soon  as  the  key  was  depressed  so  as  to  thi*ow  a  few 
volts  on  to  the  intervening  film  of  oil,  the  electrostatic  pressm-e  seemed 
to  squeeze  the  oil  out,  and  the  pools  of  mercury  became  one. 

Needle  points  dipping  in  oil  and  mercury  w^tg  tried  as  practical 
coherer.^j  the  points  being  pulled  out  elect romagnetieally  every  time  a 
signal  arrived.  Rotating  forms  of  contact  for  automatic  deeoherenco 
were  also  tried  in  irarious  form^.  ^nd  iiltimafcelTr  tha  method  took  th« 
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picked  up  and  recorded  precisely  as  they  are  emitted,  as  has  been 
tested  by  intercalating  a  siphon  recorder  in  a  much  diluted  tapping 
circuit  at  the  sending  end,  so  as  to  get  a  record  with  which  to  make 
comparison.  The  traces  obtained  at  the  two  ends  are  identical  to  a 
surprising  degree. 

The  mercury  level  has  an  adjustment  which  is  easily  made.  One 
precaution  is  to  keep  the  rim  of  the  wheel  clear  of  dust,  which  is  done 
by  a  cork  or  leather  pad  pressed  lightly  against  it  by  a  spring. 

The  instrument  is  not  at  all  sensitive  to  tremor,  and  requires  no 
particular  delicacy  of  adjustment.  The  wheel  has  to  be  positive,  the 
mercury  negative. 

A  telephone  in  circuit,  through  a  transformer  or  otherwise,  aflfords 
an  easy  method  of  discriminating  the  signals  by  ear.  The  speed  of  the 
wheel  gives  another  convenient  adjustment  to  suit  various  circum- 
stances. 


"  On  Central  American  Earthquakes,  particularly  the  Earthquake 
of  1838."  By  Admiral  Sir  John  Dalrymple  Hay,  Bart., 
G.C.B.,  F.E  S.     Received  March  6,— Read  March  19,  1903. 

The  very  interesting  report  of  Dr.  Tempest  Anderson  and  Dr.  J. 
S.  Flett  on  "  Recent  Volcanic  Eruptions  in  the  West  Indies,"  induces 
me  to  suggest  that  inquiries  should  be  made  in  Colombia  and  in 
Central  America  as  to  disturbances  in  those  regions,  in  order  to  trace 
the  connection  existing  between  the  earthquakes  and  volcanic  erup- 
tions which  are  there  so  prevalent,  and  those  in  the  West  Indies. 

Doubtless  Mr.  Welby,  who  has  just  returned  to  his  post  at  Sta.  F^ 
de  Bogotd,  might  be  able  to  obtain  thence  some  information  on  this 
matter. 

In  the  British  Association  Report,  of  1858,  upon  Earthquakes,  those 
of  1835  and  of  1841  are  given  ;  but,  unfortunately,  no  information  ia 
given  as  to  the  effect  of  those  disturbances  from  any  British  source. 

The  British  Association  in  both  cases  seem  to  have  been  mainly 
indebted  for  their  information  to  the  Acad^mie,  and  hence  the  effects  in 
Martinique  and  Guadeloupe  are  quoted,  but  nothing  is  reported  from 
our  West  India  Islands. 

One  of  the  most  terrible  disturbances  in  its  effects,  that  of  1838,  is 
not  even  alluded  to.  The  only  record  of  it  is  in  the  work  of  E.  G. 
Squier,  late  Charg^  d* Affaires  from  the  U.S.  of  America  to  the  Repub- 
lics of  Central  America  (2  vols.,  Appleton,  New  York,  1852),  who 
M-as  commissioned  by  his  Government  to  report  upon  that  region  in 
reference  to  the  Nicaraguan  Canal.  Vol.  1  has  the  map ;  vol.  2,  pp. 
114,  115,  and  p.  162  alludes  to  the  eruptions  of  Cosequina  in  1838, 
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ind  in  describing  the  earthquakoi  and  diatttrbaneeai  and  ontptiotii  * 
1835,  epeaks  of  their  effects  in  New  Granada,  Nicamgua,  Pojmyaot  j 
Bogotd,  SUi.  Martu,  Canicaa,  Hayti,  Ciira(,Ni(j,  arul  Jamaica, 

I  think  it  may  be  of  interest  to  reeord  my  personal  olMervations  of 
;he  curthquakes  and  eruptions  of  1838  a§  given  in  thu  log  of  H.M.S.       , 
-' Imogene/' Captain  (aftenviirds  Hir  llcnry)   Bruce,  in  whieb  I  waa^^J 
;hen  serving.  ^H 

On  Fndaj,  November  10,  lUS,  no*>n,  Lat.  6'  2'  N.,  Long.,  82'  0*  W.  ™ 
Bio  Lejo  (to  whicK  we  were  bonnd  from  Panama)  bearing  N,  38,  W^  ^i 
490  miles.     At  10  RM.  we  felt  the  shock  of  an  earthquake,  ^M 

Tuesday  J  November  20,  1836»  at  3.5  A  31*,  noon  of  that  day,  Lat>»^j 
9"*   17'  N.,  Long.  85'    2'  W.      Three    heavy   sbocl^a    in    succession. 
Calm  c.  r.     The  topsails  were  lowered  on  the  cap,  and  the  ship  lay 
;ill  daylight,  uncertain  whether  she  had  struck  on  a  wreck  or  whether 
ibe  was  damaged.     She  rolled  over  to  the  limit  of  her  capacity 
Lhree  successive  occasions. 

At  daylight  (G  A.M.)  all  hands  were  sent  for  to  see  an  extraordiimry 
ipectiicle.  The  sea  was  white,  jis  if  it  had  been  mixed  with  marl,  4Uidp 
»a  far  as  the  eye  conld  reach ,  tlie  sea  was  covered  with  fish  of  variovis 
kinds  stunned  by  the  concussion.  The  boats  picked  up  a  iUfBcieiit 
supply  for  the  ship's  company ^  principidly  idbacore,  bonita,  and  dolpb: 
Some  turtle  were  also  eaptui'ed. 
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*'  The  Emanations  of  Kadium."     By  Sir  William  Cuookes,  F.K.S. 
Received  March  17,— Read  March  19,  1903. 

A  solution  of  almost  pure  radium  nitrate  which  had  been  used  for 
spectrographic  work,  was  evaporated  to  dryness  in  a  dish,  and  the 
crystalline  residue  examined  in  a  dark  room.    It  was  feebly  luminous. 

A  screen  of  platinocyanide  of  barium  brought  near  the  residue 
glowed  with  a  green  light,  the  intensity  varying  with  the  distance 
separating  them.  The  phosphorescence  disappeared  as  soon  as  the 
screen  was  removed  from  the  influence  of  the  radium. 

A  screen  of  Sidot's  hexagonal  blende  (zinc  sulphide),  said  to  be 
useful  for  detecting  polonium  radiations,  was  almost  as  luminous  iis 
the  platinocyanide  screen  in  presence  of  radium,  but  there  was  more 
residual  phosphorescence,  lasting  from  a  few  minutes  to  half  an  hour 
or  more  according  to  the  strength  and  duration  of  the  initial  excite- 
ment. 

The  persistence  of  radio-activity  on  glass  vessels  which  have  con- 
tained radium  is  remarkable.  Filters,  beakers,  and  dishes  used  in  the 
laboratory  for  operations  with  radium,  after  having  been  washed  in  the 
usual  way,  remain  radio-active ;  a  piece  of  blende  screen  held  inside 
the  beaker  or  other  vessel  immediately  glowing  with  the  presence  of 
radium. 

The  blende  screen  is  sensitive  to  mechanical  shocks.  A  tap  with 
the  tip  of  a  penknife  will  produce  a  sudden  spark  of  light,  and 
a  scratch  with  the  blade  will  show  itself  as  an  evanescent  luminous 
line. 

A  diamond  crystal  brought  near  the  radium  nitrate  glowed  with  a 
pale  bluish-green  light,  as  it  would  in  a  "  Radiant  Matter  "  tube  under 
the  influence  of  cathodic  bombardment.  On  removing  the  diamond 
from  the  radium  it  ceased  to  glow,  but,  when  laid  on  the  sensitive 
screen,  it  produced  phosphorescence  beneath,  which  lasted  some 
minutes. 

During  these  manipidations  the  diamond  accidentally  touched  the 
radium  nitrate  in  the  dish,  and  thus  a  few  imperceptible  grains  of  the 
radium  salt  got  on  to  the  zinc  sulphide  screen.  The  surface  was 
immediately  dotted  about  with  brilliant  specks  of  green  light,  some 
being  a  millimetre  or  more  across,  although  the  inducing  particles 
were  too  small  to  be  detected  on  the  white  screen  when  examined  by 
daylight. 

In  a  dark  room,  under  a  microscope  with  a  fj-inch  objective, 
each  luminous  spot  is  seen  to  have  a  dull  centre  surrounded  by  a 
luminous  halo  extending  for  some  distance  around.  The  dark  centre 
itself  appears  to  shoot  out  light  at  intervals  in  diflferent  directions. 
Outside  the  halo,  the  dark  surface  of  the  screen  scintillates  with  sparks 


406 


Sir  W-  Crooke& 


[Mar-  1 


I  of  light,     No  two  flashes  succeed  one  another  ou  the  same  spot,  hut 

I  are  scattered  over  the  surfaie,  coining  and  going  inBtitiitaneoufily^  no 

I  movement  of  translation  being  seen. 

The   scintillations   are   somewhat  hetter  seen  with  a  pocket  letiA 

I  magnifying  about  20  diameters.  They  are  lass  visible  on  the  barium 
plfttinocyanide  than  on  the  zinc  sulphide  screen. 

A  powoi'f ul  electro-magnet  has  no  apparent  effect  on  the  scintillations, 

I  \vhicU  appear  quite  unaffected  ivhen  the  current  is  made  or  broken, 
the  screen  being  close  to  the  poles  and  arranged  axially  or  equatoriaUy. 
A  solid  piece  of  radium  nitrate  is  slowly  1  wrought  near  the  screen* 

I  The  general  phosphorescence  of  the  screen  as  visible  to  the  naked  eye 
variea  according  to  the  distance  of  the  radium  from  it*  On  now 
examining  the  surface  with  the  pocket  lens,  the  radium  being  far  off 
and  the  screen  faintly  hmiinous,   the  seintillating  spots  are  sparsely 

I  scattered  over  the  sut  face.  On  bringing  the  radium  nearer  the  screen 
the  scintillations  become  more  numerous  and   brighter,   until  w^hen 

I  close  together  the  flashes  follow  each  other  so  quickly  that  the 
surface  looks  like  a  turbulent  luminous  sea.  When  the  scintillating 
points  are  few  there  is  no  residual  phosphorescence  to  be  seen,  and  the 

I  sparks  succeeding  each  other  appear  like  stars  on  a  black  sky,     WlieOt 
however,  the  iHDmhardment  exceeds  a  certain  intensityp  the  residual 
)horescent  glow  spreads  over  the  screen,  without,  however,  intcir^ 
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and  produce  phosphorescence  when  brought  near  the  screen.  On 
tiu-ning  the  lens  to  the,  apparently,  uniformly  lighted  edge  of  the 
screen  close  to  the  finger,  the  scintillations  are  seen  to  be  closer  and 
more  numerous ;  what  to  the  naked  eye  appears  like  a  uniform  "  milky 
way,"  under  the  lens  is  a  multitude  of  stellar  points,  flashing  over  th^ 
whole  surface.  A  clean  finger  does  not  show  any  effect,  but  a  touch 
with  a  soiled  finger  is  suflBcient  to  confer  on  it  the  property.  Washing 
the  fingers  stops  their  action. 

It  was  of  interest  to  see  if  rarefying  the  air  would  have  any  effect 
on  the  scintillations.  A  blende  screen  was  fixed  near  a  fiat  glass 
window  in  a  vacuum  tube,  and  a  piece  of  radium  salt  was  attached 
to  an  iron  rocker,  so  that  the  movement  of  an  outside  magnet 
would  either  bring  the  radium  opposite  the  screen  or  draw,  it  away 
altogether.  A  microscope  gave  a  good  image  of  the  surface  of  the 
screen,  and  in  a  dark  room  the  scintillations  were  well  seen.  No 
particular  difference  was  observed  in  a  high  vacuum ;  indeed,  if  any- 
thing, the  sparks  appeared  a  trifle  brighter  and  sharper  in  air  than 
in  vacuo.  A  duplicate  apparatus  in  air  was  put  close  to  the  one  in 
the  vacuum  tube,  so  that  the  eye  could  pass  rapidly  from  one  to  the 
other,  and  it  w^as  so  adjusted  that  the  scintillations  were  about  equal 
when  each  was  in  air.  The  vacuum  apparatus  was  now  exhausted 
to  a  very  high  point,  and  the  appearance  on  each  screen  was 
noticed.  Here  again  I  thought  the  sparks  in  the  vacuum  were  not 
quite  so  bright  as  in  air,  and  on  breaking  the  capillary  tube  of  the 
pump,  and  observing  as  the  air  entered,  the  same  impression  was  left 
on  my  mind ;  but  the  differences,  if  any,  are  very  minute,  and  are 
scarcely  greater  than  might  arise  from  errors  of  observation. 

It  is  difficult  to  form  an  estimate  of  the  number  of  flashes  of  light 
per  second.  But  with,  the  radium  at  about  5  cm.  oflf  the  screen  they 
are  barely  detectable,  not  being  more  than  one  or  two  per  second.  As 
the  distance  of  the  radium  diminishes  the  flashes  become  more  fre- 
(iuent,  until  at  1  or  2  cm.  they  are  too  numerous  to  coimt. 

[Added  March  18. — On  bringing  alternately  a  Sidot's  blende  screen 
and  one  of  barium  platinocyanide,  face  downwards,  near  a  dish  of 
"  polonium  "  sub-nitrate,  each  became  luminous,  the  blende  screen  being 
very  little  brighter  of  the  two.  On  testing  the  two  screens  over  a 
crucible  containing  dry  radium  nitrate,  both  glowed ;  in  this  case  the 
blende  screen  being  much  the  brighter.  Examined  with  a  lens,  the 
light  of  the  blende  screen  was  seen  to  consist  of  a  mass  of  scin- 
tillations, while  that  of  the  platinocyanide  screen  was  a  uniform 
glow,  on  which  the  scintillations  were  much  less  apparent. 

The  screens  were  now  turned  face  upwards  so  that  emanations 
from  the  active  bodies  would  have  to  pass  through  the  thickness  of 
card  before  reaching  the  sensitive  siu-face.  Placed  over  the  "  polonium  " 
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leither   screen   showed    aiiy   light*     Over    the    radiiim   the  platjno- 

pnide  screen  showed  a  very  himinous  disc,  corresponding  with  the* 
|pening  of  the  crucible,  but  the  blende  disc  remained  quite  dark^ 

It  tbercfore  appears  that  practically  the  whole  of  the  lumlno&ity' 
In  the  hlentJe  acreeo,  whether  due  to  radinm  or  **polomuni,"  m  occa- 
lioned  by  emanations  which  will  not  penetrate  card.  These  are  the 
Iraanatioos  which  eaiifle  the  scintillations,  i\n<\  the  reason  why  they 
I  re  distinct  on  the  blende  and  feeble  on  the  ptatinooyanide  screen, 
that  with  the  latter  the  sparks  are  seen  on  a  luminous  ground 
If  general  phosphorescence  which  renders  the  eye  less  able  to  see  th« 

cintillations. 

Considering  how  coarse-grained  the  stnicttire  o!  matter  must  Ths  to 
particles  forming  the  enui  [Rations  from  radiiiDi,  I  c  tin  not  imagine  th&t 

beir  rehitive  penetrative  powers  depend  on  diiVcrence  of  size,  I 
It  tribute  the  arrest  of  the  scintillating  particles  to  their  electrical 
Iharacter,  and  to  the  ready  way  in  which  they  are  attracted  by  the 
loarser  atoms  or  molecules  of  matter.  I  ha\*e  shown  that  radium 
Imanations  cohere  to  almost  everything  with  which  they  come  into 
Ion  tact.    Bisnuitb,*  lead,  platinum,  thorium,  uranium,  elemeDts  of 

igh  atomic  weight  and  density,  possess  this  attraction   in  a    high 

|egree,  and  ordy  lose  the  emanations  very  slowly,  giving  rise  to  what 

known  as  *'  induced  radio-activity  "    The  emanations  so  absorbed 
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llAKERiAX  Lectuke. — "On  the  Constitution  of  the  Copper-Tin 
Series  of  Alloys."  By  C.  T.  Heycock,  RRS.,  and  F.  H. 
Neville,  F.K.S.  Eeceivod  February  26, — Lecture  delivered 
February  2G,  1903. 

(Abstract.) 

This  paper  is  an  attempt  to  fill  a  very  serious  gap  in  the  study  of 
alloys.  As  a  rule,  an  alloy  begins  to  be  interesting  when  the  tempera- 
ture of  the  liquid  alloy  has  fallen  to  its  freezing  point.  This  point, 
which  records  the  moment  when  solid  first  appears  in  the  liquid,  is 
easily  observed  on  account  of  the  evolution  of  latent  heat  that  occura 
on  the  formation  of  solid,  and  if  the  freezing  points  of  all  the  alloys 
of  a  series  are  determined,  we  can  plot  the  freezing-point  curve. 
Many  such  curves  have  been  traced  in  the  last  ten  years  :  that  of  the 
copper-tin  alloys  is  given  by  the  upper  line  in  our  diagram.  The 
curve  consists  of  several  branches  cutting  each  other  in  angular 
points.  The  one  thing  that  these  curves  record  without  ambiguity  is 
the  number  of  different  sohds  that  can  crystallise  out  of  the  liquid 
alloys,  for  each  branch  corresponds  to  the  crystallisation  of  a  different 
substance.  But  this  is  almost  all  that  such  curves  tell  us  with  certainty. 
They  do  not  tell  us  whether  the  solids  forming  are  the  pure  metals, 
or  pure  compounds,  or  crystalline  solid  solutions  of  the  metals.  Other 
experiments  are  needed  to  decide  such  questions. 

The  other  great  branch  of  the  study  of  alloys  consists,  in  the 
microscopic  examination  of  the  solid  alloys  after  they  have  cooled  to 
ordinary  temperature,  that  is  to  say,  after  they  have,  in  general,  ceased 
to  undergo  change.  Between  these  two  series  of  experiments  there  is 
an  enormous  gap  of  temperature,  it  may  be  1000  or  500  degrees,  and  it 
is  in  this  range  of  temperature  that  the  whole  life-history  of  the  alloy, 
regarded  as  an  organism,  is  to  be  found.  The  only  fruitful  experiments 
we  know  of  dealing  with  this  intermediate  region  are  the  cooling 
curves  of  Koberts-Austen  and  Stansfield.  These  observers  traced  auto- 
matically the  whole  of  the  cooling  of  the  bronzes  and  obtained  some 
remarkable  results.  They  found  that  the  evolution  of  heat  at  the 
freezing  point  was  often  succeeded  at  much  lower  temperatures  by 
other  evolutions  of  heat,  and  that  many  of  these  must  have  occurred 
after  the  alloy  had  wholly  solidified.  These  thermal  changes  point  to 
important  chemical  or  physical  changes,  though  they  do  not  tell  us 
what  these  changes  are.  They  suggest,  however,  that  the  final  patterns 
found  by  the  microscope  in  the  solid  alloys  are  likely  to  be  very 
complicated,  as  they  may  contain  several  records  superposed  the  one 
on  the  other.  We  found  these  patterns  very  beautiful,  but  hopelessly 
complicated. 
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It  Qcciirred  to  us,  and  this  is  the  method  of  the  papcr^tbiit  wti  ctiiilt] 

mmplify  the  phenomena  by  a  systematie  chilling  of  the  ingots  at 
selected  temperatures.  A  numher  of  small  iiigots  of  tho  aame  alloy 
were  pliiced  in  sepai  ;Ue  tubes  in  a  bath  of  tin,  together  with  n  reconling 
pyrometer,  the  temperature  wjis  raised  ?if)ove  the  freezing  jioini  of  tho 
alloy,  and  the  whole  very  slowly  cooled,  the  slow  cooling  bsmg  ait 
easentinl  feature  of  the  experiment,  Ingots  were  then  extracted  at 
seleeted  temperatures  antl  rapidly  chilled  b}'  immersion  m  water- 
The  microscopic  examination  of  these  chilled  ingots  b  ho  wed  that  it 
was  quite  easy  to  distinguish  the  large  crysteils,  that  had  formed  during 
the  slow  cooling  preceding  the  chill,  from  the  matter  that  wiis  liqiijd 
when  the  ingot  was  withdrawn  from  the  furnace. 

Successive  chills  of  an  alloy  exhibit  the  solid  growing  in  amomit  iiA 
the  temperature  falls,  and  finally  show  the  ingot  completely  full  of  solid. 
We  thuB  obtain,  with  very  reasonable  accuracy,  the  tens|>erature  of  com- 
plete  solidification  of  the  alloy  ;  and  by  applying  the  method  to  allujs 
with  different  percentages  of  tin  we  have  irac^d  a  new*  curve,  tlit? 
**  BoUdua,"  or  curve  of  eomplete  aoliditlcatlon.  The  solidus  of  the 
bronzes  is  the  second  line  of  the  diagram.  It  i*  a  reniarkalile  line, 
made  up  of  sloping,  hori^onbd  and  vertical  blanches.  As  in  tlio 
freezing-point  curve,  each  branch  corresponds  to  the  crystal liaatiot*  of 
a  ditferent  solid* 

Tn  thf*  iinfrjiif-iriTi  nf  Pi"infpqa;Ar  T-frm^^hfiom    fhr*  iiiitv>i*  #*i?r*vfli   ATirti 


1903.]       Constitution  of  the  Copper-Tin  Series  of  Alloys. 


411 


u 

a;  •©     . 

So      9 

oeoeoo      oo 

OOOOPO.OO. 

1 

H  ^       C 

d 

CO       h-       c 

p     •«     T 

P       C9:<^0I     ^      O 

^ 

CI5 

/^ 

>* 

> 

f 

O 

/ 

o 

d« 

/ 

o 

b4 

ki4      < 

/ 

/ 

o 

o 

•  1 

/ 

GO 

^ 

/ 

s 

P4    C 

r 

o 

i 

2 

/ 

1^ 

S 
O 

w  a 

as 

H 

/ 

o 

H 

/ 

;d 

^ 

/ 

k« 

r 

o 

^^ 

/ 

W5 

S 

S 

. 

a 

/ 

-^x 

o 

O 

/ 

rj- 

C/5 

Z 

/l 

1    o 

^      5 

o 

CO 

g 

C^ 

uA 

!a 

tl 

CO 

• 

^ 

pi^ 

Ml 

^•S 

I 

U 

s 

/  * 

ij^ 

o 

g 

^ 

N 

CI 

^ 

J 

< 

^C — 

< 

r>< 

o 

y 

^ 

^ 

/ 

■^ 

^* 

^' 

! 

§ 


'©     '©     •© 

s  s  ^ 


© 
© 

CO 


©        <D 

S    2 


412 


Pruf.  A.  Agassi z.     On  fAe  Fornmtion^  of  [Feb,  7, 


theory  if  tiniD  is  allowed  for  tliem.  The  change  at  the  G  temperature, 
is  the  breaking  up  o!  a  solid  solution  into  a  mixture  of  the  compound 
Cu;.Sn  and  li(|uidj  and  ia  instantaneous  :  here  we  have  a  case  of  a  solid 
partially  melting  as  it  cf>oIs. 

The  curve  IXE'/  form.=v  with  the  part  of  the  solidns  immediately 
!ibovo  it  an  nrea,  roughly  triangular,  within  which  all  the  alloys  appe^ar 
to  \m  uniform  solid  solulioriK^itit,  as  soon  as  an  alloy  cools  to  the  curv^e* 
it  becomes  Raturated  and  :t  n^w  body  crystallises  out  of  the  solid 
solution-  Ojie  branch  of  the  ciu've  IXE'/ corresponds  to  the  crystal 
ligation  of  a  iKtdy  rich  in  copper,  the  other  to  the  crystallisation  of  a 
l^ody  lieh  in  tin,  ^vhich  is  probal>ly  the  pure  compound  Cu^Sn.  The 
angle  X  (or  rather  C),  is  the  cutectic  angle  at  which  both  bodies 
crystallise  together,  the  whole  phenomenon  being  exactly  like 
eryfitalli&ation  out  of  a  li<piid. 

All  the  results  obtained  from  the  study  of  the  chilled  alloys  are  in 

I  harmony  with  the  pyro metric  work  of  Kobe rtcs-Au* ten  and  Stanafield, 
;Lnd   many   of    tlie   LhangE>5   we   have    examinetl    correspond    to   aa 

I  evolution  \A  heat  recorded  \  \y  them. 

The  papt^r  is  an  extcn.^ion  of  a  short  paper  published   by  lis  in  the 
Proceedings '  of  December,  190L 
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Australia,  Florida,  Honduras,  and  the  Bahamas,  are  underlaid  by 
outliers  of  the  adjoining  land  masses,  which  crop  out  as  islands  and 
islets  on  the  very  outer  edge  of  the  Barrier  Eeefs.  Some  of  the 
Barrier  Keefs  of  the  Society  Islands,  of  Fiji,  and  of  the  Carolines, 
show  that  the  wide  and  deep  lagoons,  separating  them  from  the  land 
mass,  have  been  formed  by  erosion,  from  a  broad  fringing  reef  flat. 
Encircling  reefs,  such  as  characterise  especially  the  Society  Islands, 
hold  to  their  central  island  or  islands  the  same  relation  which  a 
Barrier  Reef  holds  to  the  adjoining  land  mass.  Denudation  and 
submarine  erosion  fully  account  for  the  formation  of  platforms  upon 
which  coral  reef  and  other  limestone  organisms  may  build,  either 
barrier  or  encircling  reefs,  or  even  atolls,  rising  upon  a  volcanic  base, 
of  which  the  central  mass  may  have  disappeared,  as  in  Fiji,  the 
Society  and  Caroline  Islands. 

We  may  next  take  the  type  of  elevated  islands  of  the  Paumotus, 
the  Fiji,  the  Gilbert,  and  the  Ladrones,  many  composed  only  of 
tertiary  limestones,  others  partly  of  limestone,  and  partly  volcanic. 
We  can  follow  the  changes  from  an  elevated  island,  like  Niue,  or 
Makatea  in  the  Paumotus,  to  an  island  like  Niau,  through  a  stage  like 
Kangiroa  to  that  of  the  great  majority  of  the  atolls  in  the  Paumotus. 
The  reef-flats  and  outer  reefs  flanking  elevated  islands,  hold  peculiar 
relation  to  them,  they  are  partly  those  of  Barrier  Reef  and  partly  of 
Fringing  Reef.  We  may  also  trace  the  passage  of  elevated  plateaux 
like  Tonga,  Guam,  and  islands  in  Fiji,  partly  volcanic  and  partly  lime- 
stone, to  atolls  where  only  a  small  islet  or  a  larger  island  of  either 
limestone  or  volcanic  rock  is  left  to  indicate  its  origin.  Atolls  may 
also  be  formed  upon  the  denuded  rim  of  a  volcanic  crater,  as  at 
Totoya  and  Thombia  in  Fiji,  as  well  as  in  some  of  the  volcanoes  east 
of  Tonga. 

In  the  Ellice  and  Marshall  group  and  the  Line  Islands,  are  a  number 
of  atolls,  the  underlying  base  of  which  is  not  known,  and  where  wo 
can  only  follow  the  formation  of  the  land  rim  of  the  atoll,  as  far  as  it 
is  due  to  the  agency  of  the  trades  or  of  the  monsoons  in  constantly  shift- 
ing the  superficial  material  (prepared  by  boring  organisms)  which  goes  to 
form  its  rim.  Many  of  the  atolls  in  the  Pacific  are  merely  shallow 
sinks,  formed  by  high  sandbanks,  thrown  up  around  a  central  area. 

Throughout  the  Pacific,  the  Indian  Ocean,  and  the  West  Indies  the 
most  positive  evidence  exists  of  a  moderate,  recent  elevation  of  the 
coral  reefs.  This  is  shown  by  the  bosses,  pinnacles,  and  undermined 
masses  of  modern  or  t^jrtiary  limestone  left  to  attest  it.  The  existence 
of  honeycombed  pinnacles  of  limestone  within  the  lagoons  of  atolls, 
as  shoals,  islands,  or  islets,  shows  the  extent  of  the  solvent  action  of 
the  sea  upon  land  areas,  having  formerly  a  greater  extension  than  at 
the  present  day.  Signs  of  this  solvent  action  are  to  be  seen  every- 
where among  coral  reefs.     Atmospheric    denudation   has   played  an 

VOL.  LXXI.  ^  W 
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imijortaiit  parr  in  iTduciu]^  ulcvatcd  limestone  islands  to  tlie  level  of 
ihu  t^c^T  hy  riddling'  tlR*m  with  eavenia  and  by  fonming  extensive  sinka, 
aften  taken  to  be  elevated  lajb{oriris. 

Cliksed  atollf^  can  hardly  lie  said  to  exiat;  Niau  in  the  Paumotus  is 
the  neaiest  a]>|jrn:ieh  U}  (hil^j  yet  Its  diuUow  lagoon  is  fed  by  the  sen 
|thr(Hi]L^h  its  pu  11(1135  lin^^  *Sea  water  may  pass  freely  into  a  lagoon  at 
lh(\s^  tiflu  iyviiv  extuiisive  shallow  reef  flats  where  there  are  no  boat 
hjHSsages?,  The  land  area  of  an  atoll  Is  relatively  small  compared  to 
that  nf  the  h^lf  suhmer^cfl  vvv^  Hats.  This  is  specially  the  case  in 
ihu  Marshall  Islands  and  tht^  .^faldives  where  land  are^s  are  reduced  to 
;t  minimum* 

The  Malt] i via n  plateau  with  its  thousands  of  small  atolls,  rings,  or 
lai^iKHi  rL^L'f^T  ]'iiriji|^  from  a  depth  varvini;  from  20  to  30  fathoms,  is 
overwhelming  testimoiiy  that  atulls  may  rise  from  a  plateau  of  suitable 
litpth,  wherever  and  however  it  may  have  been  formed  and  whatever 
nay  he  its  ^eolo^^ieal  a  true  tine.  On  the  Yucatan  plateau  similar  con- 
Iditlons  exist  re^^arding  the  fnrmatinn  of  atolls,  only  on  ajuost  limited 
rale. 

The  ^reat  rond  reef  retnrinr!  are  within  the  limits  of  the  trades  and 
jnunijonns  and  areas  of  elevation^  with  the  exception  of  the  X!^Hiee 
Old  Marshall  Ishtnds  and  some  of  the  Line  islands.  The  extent  of 
tliu  elevation  ifr '?h<nvn  Ijv  the  terraces  of  the  elevated  islands   of  the 
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*'  The  Electrical  Conductivity  iiiii>arted  to  a  Vacuum  by  Hot 
Conductors."  By  0.  W.  Kichardsox,  B.A.,  B.Sc,  Fellow  of 
Trinity  College,  Cambridge.  Communicated  by  Professor 
J.  J.  Thomson,  F.E.S.  Eeceived  February  28.— Read  March 
2G,  1903. 

(Abstract.) 

The  expei-imental  part  of  this  paper  is  an  investigation  of  the 
<ilectrical  conductivity  of  the  space  siurounding  hot  surfaces  of  plati- 
num, carbon,  and  sodium,  at  low  pressures.  In  addition,  the  first 
portion  of  the  paper  is  occupied  in  deducing  a  theory  by  which  the 
-experimental  results  are  explained.  Some  of  the  results  that  have 
been  obtained  with  platinum  were  described  in  a  preliminary  note  read 
before  the  Cambridge  Philosophical  Society  on  November  25, 1901. 

The  present  paper  is  subdivided  as  follows  : — 

A.  Theoretical  investigation. 

1.  Calculation  of  the  saturation  current. 

2.  Equilibrium  of   corpuscles  near  a  hot  conducting   plane   of 

infinite  area. 


B.  Experimental  investigation. 

1.  Experiments  with  platinum. 

2.  Experiments  with  carbon. 

3.  Experiments  with  sodium. 

■C.  Conclusion. 


The  experiments  show  that  the  negative  leak  from  hot  wires  at  low 
pressures  is  a  definite  function  of  the  temperature  of  the  wire,  and 
increases  very  rapidly  as  the  temperature  is  raised.  Professor  McClel- 
land* had  previously  found  that  this  leak  was  independent  of  the 
pressure  at  pressures  less  than  0*04  mm.,  whilst  Professor  J.  J.  Thom- 
son t  had  shown  in  addition  that  the  current  was  carried  by  corpuscles 
or  electrons. 

The  theory  here  put  forward  to  explain  these  facts,  and  those  to 
l)e  described  later,  is  based  on  the  corpuscular  theory  of  conduction 
in  metals.  On  that  view  a  metal  contains  a  very  great  number  of 
free  corpuscles  whose  mean  free  path  is  comparable  with  that  of  a 
molecule  in  air  at  atmosphenc  pressure.  The  corpuscles  must,  there- 
fore, be  moving  with  a  distribution  of  velocity  given  by  the  Boltz- 
mann-Maxwell  law.  Since  the  corpuscles  do  not  escape  from  the 
metal  at  onlinary  temperatures,  it  is  evident  that  there  must  be  a 
<liscontinuity  of  potential  at  the  surface  which  prevents  their  escape. 

•  *  Camb.  Phil.  Soc.  Proc.,'  toI.  10,  p.  241,  and  voL  11,  p.  206. 
t  •  Pliil.  Mag.,'  vol.  49,  p.  547. 

•1  YL*! 


[}^'^        Mr,  0.  Vk\  Ilk'lmrdHaij.     Elcdriml  Comhictiritf/     [Fein  28, 

(III  i.titiiug   the    tcmpcnituru    of    the   metal,    the  energy  of  the   cor- 
iiiiisL-les  h  increased »  and  at  high  enough  tempe  rat  tires  same  of  them 

lu  III  \iQ  ahlo  to  shoot  t3irou«;h  the  sni-fiiee  into  the  suriHnmding  space. 
The  numljer  of    corpuseleiH  which  e3c<ai>e   at    any  temperature  has 

I  lie  en  calaihitod  on  this  view.      The  siituration  curi-ent,  w^hich  corro- 
pfMids  to  tht*  number  enn'Ued  per  setoiul,  ia  giveri  liy  the  equation 


Iv  iRTi' 


'^■-im-- 


■it  i»  tht;  number  of  free  C'or[iU3cles  in  1  c.c\  of  the  metal, 

c  tho  charge  o[i  an  ioUi 

S  the  area  of  the  hot-metal  i^uifiice, 

li  tht^  gas  eon><taut  for  a  single  torpuscle,  whose  mass  m  ui^ 

H  the  ahsohite  temperatmr,  and 

*1'  the  work  done  liy  an  ion  in  p^issing  through  the  surface  layer. 

The  late  at  which  energy  is  emitted^  due  to  this  caiusej  is  also 
Icalenhited. 

Owing  to  the  important  part  which  the  ionisation  from  tot  lx)dies 
I  has  played  in  tertain  recent  cosmological  theorie&i  the  ei|  nations 
I  which  dele  r  mine  the  eijuilibrinin  of  corpuficles  near  a  plane  surface^ 
ot  metal  of  infinite  extent  are  also  tciven  and  solved. 
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for  a  considerable  range  of  pressures.  To  account  for  the  results  at 
the  higher  pressures,  it  is  necessary  to  assume  that  ions  are  produced 
by  collisions. 

The  variation  of  current  with  temperature  is  examined  over  the 
following  range : — 

For  platinum  from  10~^^^  to  10~^  ampt»re  per  sq.  cm.  of  surface. 
For  carbon         „     10"^    „     2  „  „  „ 

For  sodium        „     10~*^  „     2  x  10~-  amptTe  total  current. 

The  corresponding  ranges  of  temperature  for  platinum  and  sodium 
are  roughly  from  1000'  C.  to  1600'  C,  and  from  100'  C.  to  450'  C.  re- 
spectively. The  small  currents  from  sodium  were  measured  with  a 
quadrant  electrometer,  but  as  a  general  rule,  a  sensitive  D'Arsonval 
galvanometer  with  suitable  shunts  was  used. 

Perhaps  the  most  striking  result  of  the  investigation  is  the  rela- 
tively enormous  currents  which  have  been  obtained.  The  biggest 
leak  measured  was  0-4  ampere  from  a  carbon  filament  to  an  electrode 
placed  near  it;  this  corresponded  to  a  current  of  2  amperes  per  sq.  cm. 
of  the  carbon  sui-face,  the  potential  on  the  filament  being  -  60  volts. 
The  pressure  in  this  experiment  was  only  ^^th  mm.  This  current 
and  some  of  the  largest  currents  from  sodium  were  registered  on  a 
Weston  ammeter. 

In  all  these  experiments  the  potentials  employed  were  too  small  to 
maintain  a  discharge  between  the  electrodes. 

Throughout  the  range  given  above,  the  relation  between  the 
saturation  ciu-rent  and  the  temperature  was  found  to  be  represented 
by  a  formula  of  the  type 

where  A  and  h  are  constants  for  each  conductor. 

The  values  which  have  been  foimd  for  these  constants  are — 


For 

platinum, 

A  = 

=  lO-"', 

h  =  4-93  xlO^. 

For 

oiirboii, 

A  = 

=  \Q^, 

h  =  7-8xlO^- 
9-7x10*. 
11-9x10*., 

For 

sodium, 

A  = 

=  10»', 

6  =  3-16x10*. 

riie  value  of  A  varies  very  rapidly  with  the  value  found  for  />,  so 
that  only  its  order  of  magnitude  is  given. 

The  number  n  of  free  corpuscles  in  a  c.c.  of  the  metal  is  calculated 
from  A.  For  platinum  this  gives  n  =  10-^,  whereas  Professor 
Patterson*  found  10--.  In  the  case  of  the  other  conductors,  the 
number   found  is  absurdly  great  compared  vnth  Patterson's  values. 

♦  *  P)iil.  Mag.'  [6],  Tol.  8,  p.  655. 
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iTlie  (liscrcpancv  cjin  l>e  made  to  clisHppear  hy  asMtmnig  a  small  tern* 

Iperature  variHiion  of  Ik     T}m  asauniption  is  shown  to  he  consistent 

I  with  the  general  iinturo  of  k 

The  work  required   to  <lnv*:   an  ion  through  the  aiirfai*o  layer  is 

I  rnlciilattHl,  in  eacli  ea^e,  fnnu  the  value  of  ^^  to  which  it  is  proper* 
tionaL  Diviilitig  hy  the  charge  on  an  ion  this  yields  tho  diseontinnity 
itf  potetitikl  at  the  surf  art)  of  the  conductor     Tlie  valaea  found  for 

1  thjr.  arc  ;  for  sodium,  m/^  =  'J'45  volts,  for  platinum  S^  =  4'1  volts, 
arui  for  carhon  3i/j  ^  G'l  volts.     These  numbers  arc  inversely  propor- 

I  tioiial  to  the  cube  roots  of  the  rtiipeciive  atomic  volumes*  This  leads 
to  the  conchis^ion  that  the  work  required  to  force  a  corpuscle  out  of  a 
metal  varies,  a|)pyoximatoly  at  any  rate,  inversely  as  the  cube  root  of 

I  the  atomic  vokime  of  the  metal. 

In  all  these  experimeuts,  the  current  when  the  hot  wire  is  charged 

[positively   is  small   tom pared   with   that   obtained   with    the    metal 

I  negatively  charged.     Only  in  the   ease  of  sodium  Wim   the  positive 

I  current  large  enough  to  deliect  a  sensitive  galvanometer 

The  results  which  have  been  obtained  are  shown  to  furnish  h  cottl- 

I  [jlcte  explanation  of  the  jihenomeuon  known  as  the  Edison  effect. 

The  fact  tliat  jjiiich  cut  ^r  mo  us  currents  are  obtained  at  such  very  low* 

I  pressures  confirms  the  ronclusion  that  the  ions  are  not  prothiced  frf»m 
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"  On  a  New  Series  of  Lines  in  the  Spectrum  of  Magnesium."  By 
A.  Fowler,  A.R.C.Sc,  r.lt.A.S.,  Assistant  Professor  of 
Physics,  Eoyal  College  of  Science,  South  Kensington.  Com- 
municated by  H.  L.  Callexdar,  F.H.S.  Eeceived  March  9, — 
Head  March  26,  1903. 

Although  the  spectnim  of  magnesium  has  been  the  subject  of  many 
investigations,  certain  lines  which  occur  in  the  arc  spectrum  appear  to 
have  hitherto  escaped  notice.  The  lines  in  question  are  comparatively 
feeble,  but  on  account  of  their  theoretical  interest  it  seems  desirable 
to  draw  attention  to  them. 

The  new  lines  make  their  appearance  in  the  spectrum  when  the  arc 
is  made  to  pass  between  poles  consisting  of  magnesium  rods,  but 
they  do  not  always  appear  with  equal  intensity.  They  are  somewhfit 
nebulous,  especially  on  their  less  refrangible  sides,  so  that  their 
positions  cannot  be  determined  with  great  accuracy  ;  but  as  nearly  as 
they  can  be  ascertained  with  the  instruments  at  my  disposal,  the 
wave-lengths  are  (in  air),  4511*4,  4251-0,  4106-8,  and  4018-3. 

A  mere  inspection  of  the  photographs  suggests  that  these  lines 
constitute  a  regular  series,  associated  with  the  much  stronger  series 
described  by  Rydberg*,  having  wave-lengths  5528*75,  4703*33, 
4352*18,  4167*81,  4058*45,  and  3987*08,  according  to  the  measures 
of  Kayser  and  Runge.  This  view  seems  to  be  sufficiently  confirmed 
by  calculation. 

Rydberg  found  that  neither  his  own  general  formula  nor  that  of 

Kayser  and  Runge  could  be  applied  with  sufficient  accuracy  to  the 

stronger  series,  and  employed  a  combination  of   the  two  formula*, 

namely, 

_  A  r 

where  n  is  the  oscillation  frequency,  m  has  the  values  3,  4,  5,  &c., 
and  a^  h,  c,  and  ft  are  constants  to  be  determined  from  four  lines 
Ijelonging  to  the  series.  For  the  magnesium  series,  the  equation 
calculated  by  Rydberg  is 

«  -  ofifiQi.ii.  lil^-92       147,76405 

u  being  the  oscillation  frequency  in  airy  and  m  having  the  values 
:],  4,  5,  6,  7,  8  for  the  six  lines  named  above. 

Using  the  same  formula  for  the  new  series,  and  calculating  the  con- 
stants from  the  four  lines,  the  equation  for  frequencies  in  vacuo  is 

„  -  06  595-4  -  _L02,496:6^  +   168.8^0-5  . 
n  -  -o,J»o4     („,  +  o.6l8)«  +  (m  + 0-618)* 

•  '  Ofrereigt  af  Kon^l.  Vet.  Akad.  Foriiandl.,'  1893,  StocWiolm. 


rjO     Nvto  Stirirs  of  Lines  in  the  Spcdrutn  of  Magnesiaau     [Mar.  9, 
Aiiollier  formula*  which  may  be  conveniently  employed  is 

C 

{in  +  ft)-  -  Ilia 
'Y\\\h  formula  gives  for  the  two  magnesium  series  the  equations : 

V  o/.  -fl-  <  100,033-6 

Newsenes.  »  =  26,o8r4    "  (,,  +  0495)^  + 2-38919  ' 

w  l»eing  the  oscillation  frequency  in  mmo  in  each  case. 

It  will  be  seen  that  the  convergence  frequency  of  the  new  series  is 
as  nearly  equal  to  that  of  the  Rydberg  series  as  can  be  expected  with 
the  comparatively  rough  wave-lengths  employed,  and  it  may  be  adde<l 
that  in  each  case  the  constant  //?o  is  of  unusual  magnitude.  These 
facts,  in  conjunction  with  the  general  characters  and  relative  intensities 
of  the  lines,  render  it  highly  probable  that  the  new  series  is  associated 
with  the  Rydberg  series  as  second  and  first  subordinate  series 
respectively. 

Applying  the  formula  to  the  calcidation  of  the  members  of  the  new 
series  for  which  m  =  3  and  ///  =  2,  the  corresponding  wave-lengths  m 
air  are  5065*0  and  6674*5.  The  first  is  probably  represented  by 
a  line  having  an  approximate  wave-length  5067,  which  is  not  so  readily 
observed  in  the  photographs  as  the  others,  })ecause  the  plates  employed 
are  comparatively  slow  for  this  part  of  the  spectrum,  and  if  the  expo- 
sure be  lengthened,  the  banded  spectrum  of  magnesium  becomes  strong 
enough  to  almost  mask  the  line.  The  line  6674*5  is  perhaps  too  far 
in  the  red  to  bo  conveniently  ol)servcd,  seeing  that  it  is  probably 
feeble  and  not  well  defined. 

It  may  be  reasonably  concluded  that  the  arc  spectrum  of  magncsiiun 
includes  two  subordinate  series  of  single  lines  in  addition  to  the 
two  well-known  subordinate  series  of  triplets.  No  such  combination 
of  series  appears  to  have  been  previously  noted  in  the  spectrum  of  a 
metal,  but  two  sets  of  series,  each  set  consisting  of  a  principal  and  two 
subordinate  series,  are  well-known  in  the  spectra  of  helium  and  oxygen. 

The  author  desires  to  express  his  obligations  to  Mr.  Herbert  Shaw 
for  valuable  assistance  in  making  the  computations  involved  in 
investigating  the  various  formuhe  which  have  been  suggested  for 
series,  as  applied  to  the  series  which  forms  the  subject  of  the  present 
paper. 

•  After  much  labour,  this  foruiula  was  arriyed  at  by  Mr.  Herbert  Shaw  and 
the  author  as  the  one  giring  the  most  coa:>i8teut  results  for  series  in  general,  but  it 
WOB  afterwards  found  that  a  siinikr  formula,  expressed  in  wavc-lengths,  had 
"  '  been  employed  by  Mr.  Rummel  (*  Rov.  Soc.  Victoria  Proc.,'  toI.  10,  IBmit  I, 

r6). 
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**'  An  Attempt  to  Estimate  the  Relative  Amounts  of  Krypton  and 
of  Xenon  in  Atmospheric  Air."  By  Sir  William  Eamsay, 
K.C.B..  F.R.S.     Received  March  9,— Read  March  26,  1903. 

When  Dr.  Tracers  and  I  isolated  krypton  and  xenon  from  air,  we 
liad  very  little  idea  of  the  total  amount  of  liquid  air  from  which,  by 
its  evaporation,  these  gases  had  been  obtained.  And  we  were  then 
more  concerned  with  the  isolation  of  the  gases  in  a  pure  state  than  in 
the  determination  of  the  proportion  in  which  they  exist  in  the  atmo- 
sphere. Our  knowledge  of  the  composition  of  the  air,  however,  is  not 
•complete  until  the  total  yield  of  krypton,  xenon,  neon,  and  helium  has 
l>een  determined.  An  estimation  of  the  two  last  is  being  undertaken 
hy  Dr.  Travers. 

In  our  experiments  on  these  gases*  we  did  not  measure  the  total 
<iuaiitity  of  air  evaporated.  We  used  liquid  air  for  various  purposes,  and 
for  some  months  we  collected  the  dregs,  allowing  them  to  evaporate 
into  a  large  gas-holder.  We  guessed  (but  it  was  oiJy  the  roughest 
estimate)  that  we  had  accumulated  in  this  manner  the  residues  from 
about  thirty  litres  of  liquid  air ;  and  on  this  assumption  we  thought 
the  following  estimates  not  improbable: — Helium,  1 — 2  parts  per 
million  of  gaseous  air;  neon,  1  per  100,000;  krypton,  1  per  million ; 
jcenon,  1  per  20,000,000.  But  they  rested  on  a  very  insecure  founda- 
tion of  fact. 

The  first  preliminary  experiment  was  made  to  ascertain  how  much 
of  the  air  which  passes  through  the  Hampson  liquefier  is  converted 
into  liquid.  The  results,  however,  were  inaccurate,  and  I  would  rather 
cite  the  conclusions  given  by  later  experiments  on  a  much  larger  scale. 
The  compressor  was  nm  for  several  hours  every  morning  and  afternoon 
during  six  and  a  half  days ;  the  liquefied  air  was  weighed  after  each 
run  ;  and  the  escaping  air  passed  through  a  large  gas-meter,  where  its 
volume  was  registered.  The  air  escaping  had  a  somewhat  lower 
density  than  ordinary  air,  owing  to  the  partial  removal  of  oxygen 
and  argon ;  but  the  experiments  were  not  sufficiently  accurate  to  make 
it  worth  while  to  take  this  into  account.  The  volumes  given  are, 
however,  corrected  for  alterations  of  pressure  and  temperature.  In 
all,  179*7  kilos,  of  gaseous  air  passed  the  meter,  and  10*8  kilos,  of 
liquid  air  weie  collected.  During  the  collection,  about  6  per  cent, 
of  the  liquid  air  evaporates;  adding  this,  11*4  kilos,  must  have  been 
the  total  weight  of  air  liquefied.  The  total  weight  of  air  taken  in  by 
the  compressor,  therefore,  and  delivered  to  the  liquefier  was  conse- 
quently 179*7  +  11*4  =  191  1  kilos,  and  the  percentage  liquefied  a 
little  under  6  per  cent.  The  number  may  be  taken  without  sensible 
^rror  as  6  per  cent,  liquefaction, 

*  "  Argon  and  itd  Companions,"  *Phil.  Tran?.,'  A,  vol.  197,  pp.  47—89. 
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Diiijiig  these  runs  the  pre.ss tire  was  kept  at  190  atmospheres  ;  ami 
the  (ielivery  of  air  through  tbe  escape  valve  ol  the  Jiquefier  remained 
Ifairly  utilfoini,  Separate  rca(iinfi:s,  taken  at  different  times,  of  the 
liniouut  of  air  passuig  the  uietci'  ^nve  0^244,  0'230,  0-258,  0'26l,  0'248^ 
li  u  1 1  0  if  ->  9  VWoi^.  per  m  i  u  u  t  e  j  these  figures  test  if  y  to  fairly  un  if  or  m 
jworkiug. 

It  was  of  interest  to  see  whether  argon  concentrated  itself  in  the 
Ciqtiefied  portion   of  the  air,  or  wliether  moat  of  it  escaped  as  gast- 

The  h( filing  points  of  the  principal  atmospheric  gases  are,  on  the 
lilisolute  scale; — nitrogen,  77  "54  ;  argon,  86"  ^90  j  oxygen,  90*^5  ;  the 
pi tR^ fences  are  0'''36  ami  3"'G  respectively ;  it  was  therefore  to  be 
["xpectcd  that  the  argon  woulrl  concentrate  In  the  liquid. 

An  experiment  was  therefore  made  iu  which  12*73  grammes  of 
treshly  collected  liquid  air  wiis  allowed  to  boil  in  a  double- walled 
wacuum-tnbe,  and  the  gases  Mere  led  directly  over  metallic  copper  and 
pn;igne?^inm  lime  ;  the  resulting  argon  measured  1G5  c.c.  at  0"  and 
1760  nnn.  ]>re.ssure.     The  weight  of  this  argon  was  0^2043  gramme,  or 

rom  1  gramme  uf  lit^tiid  air,  0-02312  gramme.  Now  1  gramme  of 
litmosphcric  air  contauis  0-0129  gramme  of  argon  j  hence  the  process 

>f  liquL^friciion  nearly  donliles  the  content  of  argon  in  the  air.  It  is, 
thi'ii^fore,  \^Qvy  advantageous  to  prepare  argon  from  air  which  hivs 
l>con  liuuefiod. 
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another  hole  in  the  cork  there  passed  a  siphon  which  could  be  closed 
by  means  of  a  brass  stop-cock ;  this  tube  served  to  admit  liquid  air  to 
the  balloon.  A  manometer  was  also  connected  with  the  interior  of  the 
flask  so  as  to  register  the  pressure  under  which  the  liquid  air  was 
boiling.  The  air  boiled  at  a  pressure  of  about  250  mm.,  corresponding 
to  a  temperature  of  about  - 195*.  The  boiling  was  quite  quiet, 
without  bumping ;  it  was  sometimes  necessary  to  warm  the  balloon 
gently  in  order  to  accelerate  the  evaporation.  The  object  of  distilling 
at  a  low  temperature  was  to  lower  the  vapour-pressure  of  the  krypton 
and  xenon  in  the  liquid  air,  and  so  to  lessen,  or  in  great  part  to  prevent 
their  evaporation.  The  total  liquid  air  was  thus  reduced  to  about 
200  c.c. 

The  balloon  containing  this  air  was  coupled  with  a  large  iron  tube, 
holding  about  20  kilos,  of  reduced  copper  heated  to  bright  redness. 
The  liquid  air  residue,  naturally,  consisted  largely  of  oxygen,  for  the 
more  volatile  nitrogen  had  in  great  part  evaporated.  After  passing 
over  the  copper  the  volume  of  gas  was  about  50  litres. 

It  may  be  contended  that  during  the  evaporation  of  the  air,  even 
at  -  195**,  a  large  portion  of  the  krypton  and  xenon  may  pass  away  as 
gas.  It  is  not  possible  to  estimate  the  amount  lost  in  this  manner ;. 
but  at  -  195*,  the  vapour  pressure  of  krypton  is  2*8  mm.,  and  that  of 
xenon  0  02  mm.  These  figures  have  been  arrived  at  in  the  following  man- 
ner. Relying  on  the  vapour  pressures  of  mercury  by  Eamsay  and  Yoiuig,. 
given  in  the  Trans.  CJieni.  Soc,  1886,  p.  50,  and  on  the  measurements 
made  by  Ramsay  and  Travers*  of  the  vapour  pressures  of  krypton 
and  xenon,  ratios  were  found  between  the  absolute  temperatures  of 
mercury  on  the  one  hand,  and  of  krypton  and  xenon  respectively  on 
the  other,  between  the  pressures  300  and  3000  mm.,  with  two  addi- 
tional data — the  temperatiu-es  of  krypton  corresponding  to  pressures 
of  9  and  of  17*4  mm.     They  are  as  follows  : — 


Temp,  of 

Temp,  of 

1 

1 

Temp,  of 

Pressures. 

mercury. 
Degrees 

krvpton. 
Degrees 

Batios. 

xenon. 
Degrees 

Batios. 

absolute. 

absolute. 

absolute. 

mm. 

o 

o 

o 

9  0 

454-8 

94  2 

0  -1851 

— 

300 

582*2 

110-4 

0-1897 

148-9 

0*2257 

400 

596-4 

113  8 

0-1909 

153-2 

0  •25C)9 

500 

609  0 

116  1 

0  1907 

166*8 

0  *2575 

600 

617-9 

118-35 

0-1915 

159-7 

0*2583 

7l)0 

626-6 

120-2 

0  -1918 

163-0 

0  *25^6 

760 

631-2 

121-3 

0-1922 

163*9 

0  -2r>97 

3000 

726-8 

142-2 

0-1957 

192  -4 

0-2647 

•  'Phil.  Trans./  A,  toI.  197, 1901,  p.  72. 
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1'he^e  ratiotj   wiivc  iiiH]jpcil   ngaiiiijt   the    absolute  temperatTires  of 
■u'lcurj,  iiufl  w(ue  fonml,  jls  tii^iml,  to  give  straight  lines.     The  lines 
Tere  extrapoltiterl   to  lower  trrnperaturcs,  and  the  vapour  pressures 
eqiiiretl  were  CrilcnUted  from  the  extrapolated  curves. 
The  portion  of  iiUeitst  i?^  ^"^iveii  iu  the  following  table : — - 


T^nip.  L\ 

Vii]>.  prt*^^,  of  krvpton. 

Vap,  pros*. 

of  Tenon. 

■-  205^ 

0*27  mra. 

0^0005 

mm. 

-200 

007     ., 

0-007 

jf 

-195 

2-^       „ 

0  02 

J' 

-  190 

7-5 

0^04 

ij 

'  188^8 

'^^f^       . 

0^11 

ji 

-1S2'4 

17-4       „ 

0-17 

M 

The  la^i  two  (lata  for  krypton  are  the  results  of  direct  measure- 
Inent.  It  rtiity  h\2  nieiitioiiL?Ll  here  that  the  melting  point  of  krypton 
li^  nbout  -  169\  and  that  uf  xrnon  -  140";  and  the  boiHng  points  at 
Itmosphcric  pressure  are,  krypton  -  151'''7,  and  xenon  -  109 ''1. 

The  nitrogen  Mas  removLHl  from  the  50  litres  of  gas  hy  passing  it 
|)veT  retl'hot  magnesium-liiiie  niixturQ.  The  resulting  crude  argon 
[leasnred  1"2"5  ]itn'8  at  10'  nud  770  mm.  ;  its  weight  Is  calculated  from 
It's  known  den.iitv  as?  lM'3  ^ammfs. 
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Residue  of  1500  c.c. : — 
A  -2- 


B 

(1)C 
D 
E 


Bcgected 


-22--;^27-^32  — 

—23^28^33- 

24^29^34— 


-25 


Rejected 


^80^ 


35. 
26^31^36- 


—37  Rejects. 
—38  Trace  Kr. 
—39  Strong  Kr. 
— 40  Strong  Kr. 
41  Er.  and  Xe. 


EesiJue.  Residue.  Residue.  Ko  residue. 

No.  41  was  mixed  with  the  residues,  which  contained  much  xenon^ 
along  with  krypton.  Nos.  38,  39,  and  40  were  mixed,  and  the  frac- 
tionation continued  in  a  small  apparatus.  The  gaBes  were  now 
sparked  with  oxygen  over  soda,  so  as  to  remove  traces  of  air;  for 
the  operations  had  now  to  be  conducted  with  great  care,  and  the 
spectra  of  the  two  samples  showed  traces  of  nitrogen.  After  with- 
drawal of  oxygen  from  both  sets  of  gas,  by  means  of  phosphorus, 
the  krypton  mixture  was  fractionated  into  three  portions ;  42^ 
containing  much  argon;  43,  rich  in  krypton;  and  44,  a  non- 
volatile residue.  The  xenon  residues,  41,  were  also  solidified  with 
liquid  air,  and  placed  for  a  few  seconds  in  connection  with  the  vacuum 
of  the  Topler  pump.  The  gas  which  was  pumped  off  was  added  to- 
43,  and  the  residue  to  44.  The  bulb  was  now  left  for  a  quarter  of 
an  hour,  so  that  equilibrium  might  be  restored,  and  the  stop-cock 
opened  a  second  time.  A  bubble  or  two  was  removed  with  the  pump. 
On  making  communication  with  the  pump  a  third  time,  no  gas  escaped  ;. 
and  this  is  not  remarkable,  for  the  vapour  pressure  of  xenon  is  little 
over  01  mm.  at  that  temperature.  It  was  therefore  assumed  that  the 
final  residue  was  pure  xenon ;  and,  indeed,  its  spectrum  showed  no 
trace  of  the  krypton  lines.  And  it  may  also  be  taken  for  granted 
that  very  little  xenon  was  added  to  No.  43.  The  densities  of  Nos.  42 
and  43  were  determined ;  and  from  the  known  densities  of  argon 
and  krypton,  their  relative  proportions  were  calculated. 

The  density  of  42  was  foimd  to  be  21*31,  corresponding  to  the  per- 
centage composition,  argon,  93*5  per  cent.,  krypton,  6*5  per  cent. ;  the 
density  of  43  was  39'43,  implying  a  mixture  of  argon,  6*6  per  cent., 
krypton,  93*4  per  cent.  The  volume  of  No.  42,  reduced  to  0^  and 
760  was  22 -0  c.c;  it  therefore  contained  1*43  c.c.  of  krypton;  that 
of  No.  43  was  6*5  c.c,  and  it  contained  6*1  c.c.  of  krypton.  The 
total  volume  of  krypton  was  therefore  7*5  c.c,  and  its  weight 
00028  gramme;  the  volume  of  the  xenon,  reduced  to  0**  and  760^ 
was  0*87  c.c,  and  its  calculated  weight,  0*0005  gramme. 

These  results  are  reproduced  in  the  following  tabular  statement : — 

Air  passed  through  liquefier 1911  kilogrammes. 

Air  liquefied  11*3  „  =5*91  p.c. 

Argon  obtained  (11*8  litres  at  0^  k  760)  21*3  grammes. 

„       per  cent,  of  gaseous  air 0*0118;  of  liquid  air,  0*1885. 


i26        Eelatwf;  Ammttiis  of  Kr^pto^  and  Xenm*  hi  Air.     [Maiv  9j 

Total  krypton  obtained . . . . , , 0'0028  gramme. 

xenon  obtained O'OOOS         „ 

j^ercentago  krypton  in  guseous  air 0^000014  by  weight 

xenon  „         „      0-0000026  '     ,, 

iKrypton  equal  to   1   part  by  weight  in  about  7  milliona  of  airj    l>j 

volumej  1  part  in  20  milliona, 
iXenon  equal  to   1   part  by  weight  in  aljout  40  milliong  of  air;  bj 
1    volume,  1  part  in  170  millions. 

As  before  remarked,  it  in  not  matutainefl  that  all  the  kryptoQ  an^ 
kll  the  xenon  btive  l>een  separated  ;  it  is  likely,  however,  that   the" 
separation  of  the  xenon  was  more  perfect  than  that  of  the  kryptQii* 
[le  results  are  merely  brought   forward  as  the  result  of   a  careful 
expei'iment  to  quantitatively  isolate  these  gasaa. 
I  have  to  express  my  cordial  thanks  to  Mr.  E,  C.  C.  Baly  and  to 
i\  Inglia  for  aid  in  carrying  out  part  of  these  operations. 
As   a   quantity  of    pure   krypton,  euffieient   for    determination   of 
Idensity,  hatl  been  collected,  occasion  was  taken   to  redetennine   tlie 
llensity  of   that  ga^a.     It  was  submitted  to  careful    fractionation ;    a 
IconsiderHrble  portion  waj5  rejected  aa  possibly  containing  argon,  and  the 
I  begs  were  set  aside  as  possil>ly  having  contained  xenon.     The  mib- 
Stance  weighed   had  a  low  vapotir  pressure,^ about  15  mm.   at  tho 
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M.A.,  Fellow  of  Clare  College,  Jacksonian  Demonstrator  in 
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The  properties  of  nickel  carbonyl  have  until  recently  been  the 
subject  of  but  few  investigations.  Dr.  Mond  and  his  collaborators 
in  the  discovery  of  this  remarkable  substance  determined  some  of  its 
physical  properties,  including  its  boiling  point,  specific  gravity,  and 
vapour  density.  Subsequently  Dr.  Mond,  in  association  with  Pro- 
fessor Nasini,  made  observations  on  its  molecular  refraction  and 
thermal  expansion. 

A  substance  of  the  pecuHar  molecular  structure  of  nickel  carbonyl 
seemed  to  call  for  further  study.  The  investigation  described  in  the 
present  paper  was  carried  out  in  the  winter  of  1901  ;  the  authors'  in- 
tention being  to  make  a  complete  study  of  the  stability  of  the  com- 
pound both  in  the  gaseous  and  liquid  conditions.  While  the  work  was 
in  progress  a  paper  by  Mittasch  was  published*  containing  an  accomit 
of  an  admirable  and  exhaustive  investigation  of  the  velocity  of  the 
reaction  between  nickel  and  carbon  monoxide,  including  the  heat  of 
formation  and  vapour  tensions  of  the  compoimd,  covering  part  of  the 
ground  which  we  had  examined.  A  number  of  interesting  problems 
examined  in  the  course  of  our  inquiry  however  remain,  which  have 
not  been  touched  upon  by  previous  investigators,  and  to  some  of  these 
the  present  paper  is  devoted. 

The  vapour  density  of  nickel  carbonyl  was  determined  by  Mond, 
Langer  and  Quincket  in  air,  at  50**  C.  by  Victor  Meyer's  method. 
The  value  obtained  was  86*7,  while  theory  requires  85.  The  vapour 
density  at  this  temperatiu-e  is  quite  normal,  and  there  is  no  evidence 
of  association  even  at  this  temperature  only  some  7**  C.  higher  than 
the  boiling  point  of  the  compound.  It  was  found  that  the  vapour 
exploded  at  60"  C.  with  a  flash  of  light,  and  carbon  dioxide  was 
<letected  among  the  products  of  decomposition.  Berthelot|  explained 
the  explosion  as  being  due  to  the  production  of  carbon  dioxide  by  the 
intermolecular  reaction  : — 

2C0  =  C0.)  +  C,  which  was  observed  to  take  place  when  carbon 
monoxide  acts  on  nickel  at  SSO** — 450°  C.  Laterg  it  was  found 
that  the  action  only  proceeded  in  this  way  to  a  small  extent,  when 

♦  *  Zeit.  Pliys.  Chein.,'  1902,  vol.  40,  p.  1. 
t  '  Joiir.  Cbem.  Soc.,'  1890,  vol.  67,  p.  741). 
t  '  Compt.  Rend./  vol.  112,  p.  1343. 
§  •  Ann.  Chim.  Pin  s./  1901  [7],  vol.  22,  p.  304. 
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nicl^el  citHioiiyl  vapour  was  dcLomposed.  The  reaction  2C0  — CO^  +  C 
Ili))cn4tes  :\S-S  knocjiammc  CJilorie?i  so  that  if  the  heat  of  formation 
I  of  riickul  efi.rboijyl  U  lf2f>s  thnn  77  6  kilogramme  calories  per  molecule* 
I  this  explaTiation  would  l>e  valid.  This  condition  is  satisfied  since 
MittHsth*  hiis  shown   that   the  heat  of  formation  of  nickel  carbonyl 

is  betweert  50^6  and  55*6  cak.  Hence  the  detonation  observed 
I  by  Mond  Tiiight  result  from  the  reaction  : 

Xi(CO)i  =  Ni  +  2CO,  +  2C. 

Tht.*  fact  that  nickcf  carbonyl  wiis  thus  reported  to  be  explosiTe^ 
Itogethur  with  the  exphination  of  ite  explosibility  oftered  by  Berthclot^ 
Istrctigihened  the  belief  in  ita  great  instability  and  dcterre*!  experi- 
Inientera  from  workijig  witli  it,  in  juiy  case  at  teniperatureB  above  its^ 
Iboiling  point. 

The  authors  obsciYod  that  when  nickel  carbonyl  was  suddenly 
I  heated  in  an  atmosphere  of  some  inert  gas,  Buch  as  hydrogen  or 
Initrogciij  the  vapour  dccomposeil  quietly  with  deposition  of  metallic 
I  nickel  ;  there  wuw  no  exphmion  or  flash  of  li^ht,  and  the  quantity  of 
Icarbou  dioxide  pro<luced  was  so  small,  in  most  cases,  as  to  be  almost 
I  negligible.  This  was  found  to  be  the  case  even  when  the  temperature 
I  used   was    as    high    as    130'    C.       Mittaseh*  states    that   he    could 
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investigate  the  effect  of  the  gaseous  product  of  dissociation  on  the 
stability  of  the  carbonyl. 

It  was  found  that  the  rate  of  admixture  of  the  vapour  with  the 
^ases  had  a  marked  effect  on  the  dissociation,  as  shown  by  the  differ- 
-ence  in  the  vapour  densities,  when  taken  under  similar  conditions, 
in  the  various  inert  gases ;  and,  further,  that  the  presence  of  carbon 
anonoxide  produced  the  expected  diminution  in  the  amount  of  the 
compound  decomposed.  In  order  to  further  confirm  this,  two  reser- 
voir tubes  of  different  bore  were  used,  one  having  a  cross-sectional 
area  about  three  times  that  of  the  other  (the  latter  will  be  referred 
%o  as  the  narrow  tube).  In  the  latter,  admixture  could  take  place 
much  less  readily  than  in  the  f onner ;  consequently  the  surrounding 
gas  would  be  expected  to  have  a  smaller  effect  on  the  extent  of  the 
•dissociation.  This  was  also  confirmed  by  the  experimental  results ; 
the  vapour  density  in  the  narrow  tube  is  almost  independent  of  the 
gas  employed. 

The  effect  of  the  nature  of  the  surface  on  the  extent  of  dissociation 
was  tested  by  using  the  tubes  coated  internally  with  a  film  of  metallic 
nickel  deposited  from  the  vapour  of  nickel  carbonyl  by  heating.  The 
film  of  nickel  seemed  to  bring  about  a  state  of  equilibrium  more 
rapidly,  so  that  the  vapour  densities  determined  in  these  tubes  were 
lower  than  those  in  the  same  tubes  not  covered  by  nickel  (a  similar 
effect  was  observed  by  Mittasch). 

It  was  found  that  the  rate  at  which  the  liquid  evaporated,  as  would 
be  expected  in  the  case  of  a  substance  which  readily  dissociates,  had 
some  effect  on  the  extent  of  the  dissociation.  Hence,  it  was  necessary, 
in  order  to  get  comparable  results,  to  arrange  that  approximately  the 
same  time  was  taken  for  vaporisation  in  all  the  experiments  made 
^t  the  same  temperature.  A  definite  end-point  could  be  observed  in 
each  case  at  which  the  gas  displaced  by  the  vapour  ceased  to  come 
•off,  and  a  much  slower  evolution  of  gas  took  place.  The  experiment 
was  stopped  when  the  more  rapid  evolution  of  gas  gave  place  to  the 
slower. 

The  results  obtained  are  appended  in  the  following  table  (Table  I). 

In  the  fourth  column  the  percentages  of  nickel-carbonyl  molecules 

-dissociated  are  given,  calculated  from  the  formula  P  =  — ■^^—  x   100, 

where  85  is  the  theoretical  vapoiu*  density  of  nickel  carbonyl  and 
D  is  the  observed  value. 

Unless  otherwise  stated,  it  is  to  be  understood  that  the  deter- 
mination was  made  in  a  Victor  Meyer's  apparatus  of  the  usual  type, 
•occasionally  referred  to  as  the  wide  tube. 

From  the  figures  in  the  above  table,  it  is  seen  that  the  value  of 
the  vapour  density,  deduced  from  the  experiments  in  the  wide  tube, 
is  greater  in  ethylene  than  in  nitrogen  and  hydrogen.     It  was  also 
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noticed  that  the  deposit  of  nickel  in  the  latter  two  gases  extended 
higher  up  the  tube  than  in  the  former,  and  was  higher  in  hydrogen 
than  in  nitrogen.  In  carbon  monoxide,  on  the  other  hand,  the  vapour 
density  is  higher  than  in  the  gases  hydrogen,  nitrogen,  or  ethylene, 
the  vahies  at  100"  C.  being  nearly  normal,  and  the  dissociation  was 
incomplete  even  in  aniline  vapour.  This  demonstrates  very  clearly 
the  effect  of  the  presence  of  one  of  the  dissociation  products  on  the 
amount  of  the  dissociation. 

In  the  narrow  tube,  however,  the  values  obtained  at  100'  C.  do  not 
seem  to  depend,  to  any  great  extent,  on  the  nature  of  the  surrounding 
gas,  the  values  in  carbon  monoxide  and  in  the  inert  gases  being  almost 
identical,  which  shows  the  great  effect  of  rate  of  admixture  and 
diffusion  on  the  dissociation. 

The  amount  of  dissociation  increases  rapidly  with  the  temperature ; 
in  nitrogen  at  155"  C.  it  is  practically  complete.  The  rate  of  increase 
in  carbon  monoxide  is  distinctly  slower,  the  difference  between  the 
vapour  densities  in  nitrogen  and  carbon  monoxide  at  129°  C.  being 
quite  marked.  Above  155"  C.  the  results  obtained  are  somewhat 
irregular ;  but  dissociation  seems  to  be  nearly  complete  at  atmospheric 
pressure,  since  only  a  small  deposit  of  nickel  could  be  obtained  when 
the  tube  was  placed  horizontally  and  a  clear  part  heated  with  the 
blowpipe. 

A  few  vapour-density  determinations  were  also  made  by  Hoffmann's 
method  at  temperatures  between  17"  C.  and  the  boiling  point  of  aniline 
(182°  C.)  in  order  to  observe  the  dissociation  of  the  undiluted  vapour. 
Complete  dissociation  is  practically  reached  at  182"  C,  but  even  then 
the  application  of  a  pointed  flame  to  a  clear  portion  of  the  tube 
produced  a  slight  deposit  of  nickel,  so  that  traces  of  nickel  carbonyl 
were  still  present. 

The  results  are  given  in  the  appended  table  (Table  II). 

The  results  of  the  experiments  in  the  narrow  tube  are  given  in  the 
fifth  column  for  the  sake  of  comparison,  the  phenomena  in  this  case 
being  practically  the  dissociation  of  the  vapour  in  contact  with  its  own 
dissociation  products.  The  dissociation  is  clearly  greater  under 
reduced  pressure,  as  might  be  anticipated. 

The  general  results  of  the  vapour-density  determinations  are  readily 
seen  from  the  curves  in  fig.  1  (p.  433). 

Having  thus  found  that  the  vapour  of  nickel  carbonyl  was  much 
more  stable  at  elevated  temperatures  than  had  hitherto  been  suspected, 
we  resolved  to  examine  the  stability  of  the  liquid  under  pressure,  and 
if  possible  make  observations  on  it  as  far  as  its  critical  point. 

Small  sealed  tubes,  from  one-half  to  one-third  full  of  nickel  carbonyl, 
were  heated  to  200"  C.  without  bursting.  A  small  quantity  of  nickel 
was  deposited  on  the  first  heating,  and  it  was  found  that  its  quantity 
was   not    appreciably    increased    on    repeating    the    operation.     On 
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liitiinding  n  ^\ifficie:it  length  of  time  at  the  ordinary  temperature  tbe 
Inickel  gmdiuilly  dissolved  itgaiii,  although  it  was  covered  hy  the  excess 
lof  liquid.  Thia  proved  in  an  interesting  majiner  the  ease  with  which 
It  he  reaction  between  the  deposited  nickel  and  carbon  monoxide  is 
I  reversible. 

The  amount  of  the  nickel  deposition  was  notably  greater  when  the 
iJiquid  wad  lieatod  in  contact  with  mercury,  bo  that  the  use  of  the 
ICaiiletet  pump  for  the  examin.ition  of  the  critical  phenomen;*  was  not 
|praL'tieablt\ 

Pupngh  measurements  of  the  critical  temperature  were  made  hy 
lobservitig  the  temperature   at  which   the  meniscus  disappeared  and 

Table  II. — Vapour  Densities  of  Nickel  Carljonyl  by  Hofmann's 

Method. 
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The  presence  of  carbon  monoxide  would  be  expected  to  cause  a 
lowering  of  the  temperature  at  which  the  meniscus  disappeared,  and 
this  expectation  was  realised  in  the  course  of  the  experiments.  Hence 
the  temperatiu-e  observed  in  the  first  experiment  is  probably  below  the 
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true  critical  temperature.     The  presence  of  4 — 5  per  cent,  of  carlmi 
monoxide  with  its  low  critical  tenipenvttire  1*28^  abs,  would  be  expect 
to  lower    the   temperalure    at   which    the  meiiiseiis    disappears    liy 
about  5'  C,     That  this  quantity  of  carbon  monoxide  might  be  present 
at  any  time  is  shown  by  the  following  experiment : — 

Volume  of  tube,  1-35  e,c. 

J,  nickel  carbonyl  left  after  beating  to  193"*  C*  =^  0-437  c. 

Aiuoimt  of  nickel  deposited  =  0^0147  gramme, 

I J  carbon  monoxide  liberated  =  0'0284  gramme  =   5 '02 

per  cent,  of  the  residual  nickel  c^irbonyL 

Hence  it  is  very  probable  that  the  tnie  critical  temperature  is  aboi 
200'^  C. 

Comparativo  experiments  marie   with  pure  ethyl  ether  iii    si  mil 
tubea,  gave  a  critical  temperature  of  l^S""  C.     The  accepted  Taluc  fi 
the  critical  temjxjrature  for  ether  l>eing  194''5  C*  the  observe ed  tern 
pcrature  for  nickel  carbonyl  cannot  l>o  f^r  removed  from  the  corri 
value. 

The  formula  1'^  =  0*66  T^,  where  T^  fi  the  absolute  boiling  poii 
and  TfT  the  absolute  critical  tcmperaturOi  should  bo  applicable  t^  tim 
case  of  nickel  caTl)onyl  since  it  i&  applicable  to  ether,  a  Uquid  which 
has  a  critical  temperature  of  approximately  the  same  value.     Taking 
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temperature,  so  that  the  pressure  in  the  tube  seems  to  be  rather  more 
than  40  atmospheres  at  the  critical  point.  On  cooling,  the  indicating 
globule  remained  permanently  displaced  some  distance  up  the  tube, 
showing  the  existence  of  a  pressure  developed  by  the  decomposition  of 
the  nickel  carbonyl.  On  standing  for  some  time  the  whole  of  the 
nickel  disappears,  and  the  carbonic  oxide  pressure  disappears. 

The  pressure  on  cooling  seemed  to  be  about  ten  atmospheres,  hence 
the  critical  pressure  would  be  about  thirty  atmospheres.  Later  it  will 
be  shown  that  this  is  near  the  actual  value. 

The  critical  constants  of  the  compound  being  known,  together  with 
the  boiling  point,  it  is  possible  to  calculate  a  vapour-pressure  curve. 
It  was,  however,  thought  better  to  determine  the  vapour  pressure  at 
a  number  of  temperatures  below  the  boiling  point  of  the  liquid,  by 
the  static  method,  and  from  this  curve  by  extrapolations  to  deduce 
the  values  for  higher  temperatures. 

A  wide  barometer  tube  (about  0*7  cm.  diameter)  was  carefully  cleaned, 
dried,  and  drawn  off  to  a  fine  capillary  tube  at  one  end.  The  tube 
was  then  placed  upright  in  a  vessel  of  pure  dry  mercury  and  exhausted 
thoroughly  with  a  Fleuss  pump.  A  small  tube  full  of  nickel  carbonyl 
was  now  introduced  at  the  bottom  of  the  tube  and  the  whole  then 
exhausted  again,  while  surrounded  by  a  freezing  mixture,  in  order  to 
get  rid  of  all  adhering  air,  and  finally  sealed  off  rapidly  at  the  fine 
capillary.  By  this  method  of  procedure  only  a  very  small  amount  of 
decomposition  took  place  during  the  sealing  off,  as  indicated  by  the 
very  slight  deposit  of  nickel.  The  pressure  was  then  read  off  by 
means  of  a  kathetometer,  while  the  tube  was  surrounded  by  a  bath 
kept  at  various  constant  temperatures. 

The  results  are  appended  below,  together  with  those  obtained  by 
Mittasch*  by  the  dynamic  method. 
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The  values  for  -  9"  C.  and  +  30"  C.  give  the  following  Eankine 
formula  for  the  relation  between  the  pressure  p  in  millimetres  of 
mercury  and  the  absolute  temperature  T.  Log^  =  7*355  -  1415/T. 
At  200"  C.  (about  the  critical  temperature)  the  pressure  calculated 
from  this  equation  is  30*4  atmospheres.     Taking  the  results  obtained 
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\Uy  Moncl  an<l  NriMiii,    yvz.,  the.  boiling  point   43"  C.  751    mm.    and 
thu  pres^surc  at  20   (J-  538*7  mnu,  5i  similar  expression,  log  p  =  7 '281 
^  l:iS)i^T,  is  obtained. 
Taking    Mittusch's    pressure??   for  2'  C.  and   40'  C*  the  Kankicie 
|(ilitained  is  ; — 

logjf  ^  7^781^  1555 '7/T. 

The  lioiling  points  calculntod  from  these  formula?  are  giren  below  : — 

Moml ..,....„ 43^^30, 

Mittasch    ..,, 44*"4 

Dcwar  and  -Tones 43"" '  *J 

In  order  to  fnrther  confirm  our  rftpoar-presstire  d e term inat ions,  we 
I  made  a  determination  of  the  boiiini:;  point  of  some  carefnllj'  dried  an<f 
I  redistilled  nickel  c:ubunyb  With  the  barometer  at  769  mm.  the 
JHcjidd  boiled  at  43-2  -  43-33  C. 

It  ^vould  therefore  appear  that  our  vapour  tension  curve  is  the 
■  more  rLccurute.  The  following  curves,  fig.  %  i  I  hist  rate  very  clearly 
I  the  extent  of  the  deviations  at  ditlerent  temperatures. 
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The  latent  heat  of  vaporisation  of  Ni(C0)4,  is  38'1  calories  per 
gramme,  and  the  Trouton  constant  (molecular  latent  heat  divided  by 
the  absolute  boiling  point)  is  20*6,  its  value  for  ether  being  22.  Ther 
number  obtained  by  dividing  the  absolute  critical  temperature  by  the 
critical  pressure,  which  is  proportional  to  the  volume  of  the  molecule,. 
Van  der  Waal's  constant  b^  is  15 '5;  the  similar  number  for  carbon 
monoxide  is  3*7,  so  that  nickel  carbonyl  according  to  theory  has  a 
molecule  4*2  times  larger  than  carbon  monoxide.  The  molecidar 
volume  of  nickel  carbonyl  at  its  lx)iling  point  is  13C,  as  compared 
with  110  for  ether.  The  critical  density  appears  to  be  about  0"46,. 
while  that  of  ether  is  only  0*25.  If  the  liquid  densities  of  Mond  and 
Nasini*  are  taken  with  the  critical  data,  then  the  Waterston  formida 
r  =  20398  -  0-5667  log  (198-7  -  /)  fits  in  very  well  with  the  results.. 
A  similar  formula  for  ether  given  by  Avenarius  is : — 

V  =  3-19-0-802log(191-/). 

The  molecular  volume  of  nickel  carbonyl  at  its  boiling  point  is  136^, 
subtracting  from  this  7-2  for  the  nickel  atom,  we  have  32*2  as  the 
volunio  of  each  molecule  of  cari>on  monoxide  in  the  molecule.  Now 
liquid  carbon  monoxide  at  its  boiling  point  has  the  molecular  volume 
of  35,  so  that  contraction  would  take  place  if  liquid  carbon  monoxide 
could  combine  with  nickel.  The  heat  of  formation  of  nickel  carbonyl 
is  about  four  times  greater  than  that  of  the  liquefaction  of  the  equi- 
valent amount  of  carbonic  oxide  under  normal  conditions. 

The  experiments  described  above  show  clearly  that  nickel  carbonyl 
is  a  substance  admirably  suited  for  the  demonstration  of  the- 
phenomena  of  dissociation.  Great  care  must,  however,  be  taken  in 
handling  the  substance,  owing  to  its  poisonous  properties  when  inhaled. 
It  also  forms  an  excellent  illustration  of  a  reversible  reaction,  and  the 
following  experiments  serve  to  illustrate  the  way  in  which  it  may  be 
used  for  this  purpose. 

A  number  of  carefully  dried  tubes  were  exhausted  by  means  of  a 
Fleuss  pump,  and  were  then  filled  with  a  mixture  of  10  per  cent. ' 
nickel  carbonyl  vapour  and  90  per  cent,  carbon  monoxide,  at  pressures 
of  50,  100,  226,  304,  396,  504,  and  624  mm.  of  mercury  respectively. 
These  tubes  were  then  heated  in  a  bath  until  nickel  began  to  deposit ; 
the  tube  under  observation  was  then  kept  at  that  or  a  slightly  higher 
temperature  for  about  half-an-hour,  and  afterwards  tested  for  the 
presence  of  nickel  carbonyl  by  heating  a  clean  portion  of  the  tube  with 
a  fine  pointed  flame,  and  in  this  way  the  presence  of  even  a  very  small 
tiace  of  nickel  carbonyl  was  immediately  detected  by  the  formation  of 
a  l)right  mirror  of  nickel  on  the  hot  part  of  the  tube.  The  tube  at 
50  mm.  pressure  did  not  deposit  nickel  when  placed  in  alcohol  vapour,, 
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>iit  did  so  at  100''  C,  and,  after  he&ttiig  for  u  few  hours  at  this  Wn* 
jeratura,  no  nickel  carbon yl  coidd  1)6  detected  in  tbo  tube.  After 
ttaiiding  for  a  few  days,  however,  nickel  was  dep*>sited  when  a  clean 
port  ion  of  the  tul.>e  was  heated  with  a  pointed  fiamer  thus  showing 
ibat  nickel  carbonyl  had  l>een  regenerated.  In  the  100  mm-  tutie 
liekel  wfis  still  deposited  after  heating  for  two  days  at  100*  C,  ;  all 
ibe  nickel  carbonyl  was  found  t«  have  disappeared  after  the  tube  had 
5een  heated  for  some  time  to  130*  C  Niekel  waa  deposited  in  the 
tube  at  22  tJ  mm.  pressure  at  130"  C,  in  the  301  mm.  tube  at  158"  C.^ 
md  in  the  other  tubes  at  slightly  higher  tempt^taturcs.  In  the  two 
;uhes  at  the  highest  pressures  there  was  a  consiilerable  quantity  of 
:he  carbonyl  present  after  heating  for  an  hour  at  160'  C*  All  the 
;ubes  in  w^hich  the  nickel  carbonyl  had  been  so  far  destroy e<l  that  no 
risible  deposit  of  nickel  could  be  obtained  on  heating  a  clean  portion 
>f  the  tube  w^ifch  a  small  flame,  after  standing  for  a  feir  clay 
jontaine<l  enough  of  the  carbonyl  to  be  readily  detected  hy  t 
ibove  tesL 

Another  form  of    ex|}eriment  suitable    for    demonstration   pron 
the   reaction  proceeded   rapidly   at    the   ordinary   temperature,    an<l 
with   a  measurable   velocity   at    low   temperatures,   eve!i    when    i 
pressure  of  the  carljonic  oxide  atmosphere  was  below  200  mni 
large  latlb  of  about  ^00   c.e.  capacity  was  connected  to  a  naercur 
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1903.]       On  the  Valuation  of  Angles  observed  in  CrystaU.  439 

The  volatile  iron  carbonyl  has  been  made  the  subject  of  a  number  of 
similar  observations,  dealing  with  its  physical  properties  and  chemical 
stability,  which  will  be  discussed  in  another  communication. 


"An  Enquiry  into  the  Variation  of  Angles  observed  in  Crystals, 
especially  of  Potassium-Alum  and  Ammonium-Alum."  By 
Professor  H.  A  MiERS,  M.A.,  D.Sc,  F.RS.  Received 
March  10.— Read  March  26.  1903. 

(Abstract.) 

Corresponding  angles  measured  on  different  crystals  of  the  same 
substance  usually  differ  slightly.  On  cubic  crystals  the  theoretical 
angles  are  known.  Pfaff  professed  to  have  established  that  only 
those  cubic  crystals  which  display  birefringence  exhibit  divergence 
from  the  theoretical  angles,  but  Brauns  showed  that  in  lead  nitrate, 
ammonia-alum,  and  spinel,  for  both  isotropic  and  birefringent  crystals 
alike,  the  octahedron  angle  may  differ  by  as  much  as  20'  from  that  of 
the  regular  octahedron. 

The  author  has  endeavoured  to  trace  the  changes  of  angle  upon  one 
and  the  same  crystal  during  its  growth  by  measuring  it  at  intervals 
without  moving  it  from  the  solution  in  which  it  is  growing.  This  is 
accomplished  by  means  of  a  new  telescope-goniometer  in  which  the 
crystal  is  observed  through  one  side  of  a  rectangular  glass  trough, 
and  the  changes  in  the  inclination  of  each  face  are  followed  by  watch- 
ing the  displacements  of  the  image  of  a  collimator  slit  viewed  by 
reflection  in  it.  The  crystal  is  held  by  a  platinum  clip  which  it 
envelopes  as  it  grows.  Small  movements  of  the  image  are  followed 
by  means  of  a  special  micrometer-eyepiece  which  acciu'ately  measures 
the  magnitude  and  direction  of  the  displacement. 

Examined  in  this  way  an  octahedron  of  alum  (ammonhim  or 
potassium)  is  found  to  yield  not  one  but  three  images  from  each  face ; 
and  closer  inspection  shows  that  the  crystal  is  not  really  an  octahe- 
dron, but  has  the  form  of  a  very  flat  triakis  octahedron.  It  oft^n 
happens  that  of  the  three  faces  which  nearly  coincide,  one  is  large 
and  the  remaining  two  very  small,  so  that  of  the  three  images  one  is 
bright  and  the  others  are  very  faint,  and  can  only  be  discerned  with 
difficulty ;  in  such  a  case  the  crystal  as  measured  in  the  ordinary  way 
would  appear  to  be  an  octahedron  whose  angle  differs  from  the  theo- 
retical value  by  a  few  minutes. 

AVhen  a  growing  crystal  of  alum  is  watched  for  several  hours  or 
days,  it  is  found  that  the  three  images  yielded  by  an  apparent 
octahedron  face  continually  change  their  position ;  one  set  fades  away 
and  is  replaced  by  another   set,  which  are  generally  more    widely 
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separated  than  those  which  they  succeed.  The  images  move  in  three 
directions  inclined  at  120"  to  each  other,  and  indicate  that  these  faces^ 
always  l>elong  to  triakis  octahedra.  The  point  in  which  the  lines  of 
movement  intersect  within  the  field  of  ^'iew  of  the  telescope  would, 
therefore,  be  the  position  of  the  image  reflected  from  the  true  octahe- 
dron face.  Measured  in  this  way  the  octahedron  angle  of  alum  is 
found  to  be  the  theoretical  angle  70"  31f '. 

The  images  do  not  move  continuously,  but  per  saltum,  indicating 
that  the  reflecting  planes  are  vicinal  faces  which  probably  possess 
rational  indices,  and  must,  therefore,  be  inclined  at  certain  definite 
angles  to  the  octahedron  face ;  but  the  indices  are  very  high  numbers. 

Observations  upon  sodium  chlorate,  zinc  sulphate,  magnesium 
sulphate,  and  other  substances,  show  that  other  crystals  exhibit  the 
same  behaviour.  The  faces  of  a  crystal  are  in  general  not  faces  with 
simple  indices,  but  vicinal  planes  slightly  inclined  to  them,  and  they 
change  their  inclinations  during  the  growth  of  the  crystal ;  they  also 
change  their  inclinations  when  the  crystal  is  immersed  to  a  greater  or 
less  depth  in  the  solution. 

Every  point  within  a  crystal  has  at  some  time  been  a  point  on  the 
surface,  and  has  been  subject  to  the  conditions  of  equilibrium  between 
crystal  and  solution  which  prevail  there.  It  is  believed  by  the  author 
that  a  study  of  the  vicinal  planes  and  of  the  liquid  in  contact  with 
them,  may  lead  to  some  understanding  of  these  conditions. 

In  order  to  ascertain  the  composition  of  the  liquid,  attempts  were 
made  to  determine  its  refractive  index  by  means  of  total  reflection 
within  the  crystal.  This  appears,  indeed,  to  be  the  only  method 
which  can  give  direct  information  concerning  the  ultimate  layer  in 
contact  with  the  growing  face,  and  it  is  somewhat  remarkable  that  it 
has  not  been  applied  before.  Considerable  diflSculty  was  experienced 
in  making  this  measurement,  but  ultimately  good  readings  were 
obtained,  w^hich  gave  the  value  1-34428  as  the  refractive  index  in 
sodium  light,  at  19"  C,  of  the  liquid  in  contact  with  a  growing  crystal 
of  alum.  The  refractive  indices  of  a  series  of  solutions  of  known 
strength,  ranging  from  dilute  to  supersaturated,  having  been  previously 
measured,  the  above  index  was  found  to  correspond  to  a  liquid  coi> 
taining  about  10'80  grammes  of  alum  in  100  grammes  of  solution.  A 
saturated  solution  at  19"  C.  was  found  to  have  the  refractive  index 
1*34250,  and  to  contain  about  9*01  grammes  of  alum  in  100  grammes 
of  solution. 

Sodium  chlorate  was  examined  in  the  same  way  ;  it  was  foimd  that 
the  liquid  in  contact  with  a  growing  crystal  has  at  19"  C.  the  index 
1*38734,  and  contains  about  47-8  grammes  of  salt  in  100  grammes  of 
l;  a  saturated  solution  of  sodium  chlorate  at  19"  C.  has  the 
•38649,  and  contains  about  47*2  grammes  of  salt  in  100  grammes 
ion. 
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The  liquid  in  contact  with  a  growing  crystal  of  sodium  nitrate  has 
•at  19°  C.  the  index  1*38991,  and  contains  about  48*45  grammes  of  salt 
in  100  grammes  of  solution ;  a  saturated  solution  at  19°  C.  has  the 
index  1*38905,  and  contains  about  48*1  grammes  of  salt  in  100  grammes 
of  solution. 

In  each  case  the  liquid  in  contact  with  the  growing  crystal  is 
fllightly  supersaturated.  It  was  not  found  to  exhibit  double  refrac- 
tion even  in  the  case  of  sodium  nitrate.  No  experiments  seem  to 
have  previously  been  made  upon  the  nature  of  this  liquid. 

G.  Wulff  has  suggested  that  vicinal  faces  are  due  to  concentration 
streams  in  the  solution.  In  order  to  test  this  view,  crystals  of  alum 
were  measured  after  growing  for  several  hours  in  solution  kept  con- 
tinually agitated  in  order  to  eliminate  the  action  of  the  concentration 
streams.  Almost  no  effect  was  produced  upon  the  angles  of  the  vicinal 
faces. 

In  sodium  chlorate  and  sodium  nitrate  the  solute  is  about  45  times 
more  dense  in  the  crystal  than  in  the  adjacent  liquid.  Now  planes 
with  high  indices  in  a  space-lattice  contain  fewer  points  in  unit  area 
than  planes  with  simple  indices.  The  author  suggests  that  vicinal 
faces  grow  upon  a  crystal  in  preference  to  simple  forms  because  the 
<irystallising  material  descends  upon  the  growing  face  in  a  shower 
which  is  not  yary  dense. 


^*  On  the  Dependence  of  the  Refractive  Index  of  Gases  on  Tem- 
perature." By  George  W.  Walker,  M.A.,  Fellow  of  Trinity 
College,  Cambridge.  Communicated  by  Professor  J.  J. 
Thomson,  F.R.S.  Received  February  26,— Read  March  26, 
1903. 

(Abstract.) 

The  investigations  of  Professor  Mascart  on  this  subject  are  perhaps 
the  most  extensive  of  any  up  to  the  present  time.  He  examined 
the  effect  in  several  gases,  and  found  that  in  general  the  tempera- 
ture coefficient  exceeded  the  theoretical  coefficient  given  by  Gladstone 
and  Dale's  law.  The  range  of  temperature  was,  however,  compara- 
tively small,  and  his  results  for  air  do  not  agree  with  those  of 
Lorenz,  von  Lange,  and  Benolt.  In  fact  these  four  observers  dis- 
agree. Lorenz  and  Benolt  found  a  coefficient  agreeing  with  the  above 
law,  while  von  Lange  obtained  a  coefficient  less  than  the  theoretical 
value. 

A  repetition  of  the  measurements  therefore  seemed  desirable.  The 
^ases  examined  were  air,  hydrogen,  carbon  dioxide,  ammonia,  and 
sulphur  dioxide,     llie  range   of   temperature  was   from    lO"*   C.  to 
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100'  C.     The   method    used    iras    the   well-known    one    of    Jamin, 
liut  spud.'*!  precautions  were  taken  to   obtain    accuracy,   and   to   li© 
Fine  that  the  gas  ha<l  ool  changed  in  composition  during  the  various 
change.^  of  ]>[essurc  aud  temperature  to  which  the  containing  tul>e& 
were   suljjeeteiU     An   accuracy   of    about   one  part  in  600  has  been 
cii)taiiied. 

The  re-^ults  arc  Ijriefiy  shoM^l  in  the  follo\inng  table,  and  it  will  be 
|Obsorvcd  that  the  temperature  coefficients  obtained  are  substantially 
less  thart  those  obtained  by  iMast^art, 

Absolute  Vidue  of  /i  ior  the  D  line  at  760  mm,  and  O'C. 

Oljserror, 

1 
Air,          irjdrogen. 

Curbon 

dioxide. 

Aminoiu^ 

Sulpbiir 

Mii*car(. .  . .  . , 
LorfiiK. » ,  •  *  ^ . 
Ketlt'lfr 

Walker 

1*0002027      1*000139 
—           1  *0rf013f) 
^         .   1  -000143 
l'0OO:i04        1  000138 
1  'LHXJ:ia2a      1  *U0U1 407 
±3  1               ±15 
1 

l*00aiS4     ,  1*000373 
—           1*000373 
1-000440                — 

1 ^000449     1  -oooass 

I  -0004510      1  C10O3793 
d=5  (               ±5 

1  0O07O38 

1  000686 
1  000665 
1  -000675S 
^4 

■ 
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"On  the  Evolution  of  the  Prolx)sci(lea."  By  C.  W.  Andrews, 
D.Sc.  Communicated  by  Professor  E.  Ray  Lankester,  F.R.S. 
Received  March  5,— Read  March  26,  1903. 

(Abstract.) 

Until  the  author's  recent  discoveries  of  primitive  Proboscidea  in  the 
Middle  and  Upper  Eocene  formations  of  the  Fayum,  Egypt,  the  oldest 
known  members  of  this  mammalian  order  were  Dinotherium  allien  and 
Tetmhelodon  angustidejis,  from  the  base  of  the  Miocene  in  France.  The 
new  Egyptian  fossils  not  only  reveal  for  the  first  time  the  early 
history  of  the  order,  but  also  provide  more  satisfactory  material  for 
the  discussion  of  its  evolution  than  has  hitherto  been  available. 

The  most  important  changes  in  the  Proboscidea  occur  in  the  skull^ 
mandible,  and  dentition. 

Owing  to  the  increase  in  the  size  of  the  tusks  and  to  the  presence  of 
the  proboscis,  the  facial  region  of  the  skull  becomes  shortened,  and  at 
the  same  time  the  premaxillae  become  wider.  The  presence  of 
the  proboscis  also  accounts  for  the  position  of  the  external  nares. 
The  demand  for  a  greater  surface  of  attachment  for  the  muscles 
supporting  a  skull  rendered  heavy  by  the  tusks  and  trunk,  is  met  by 
the  great  development  of  the  diploe  in  certain  of  the  cranial  bones,, 
resulting  in  the  enormous  expansion  of  the  forwardly  sloping  occipital 
surface.  The  maxillae  become  greatly  enlarged  concomitantly  with 
the  increase  in  the  size  and  degree  of  hypselodonty  of  the  molars. 
At  the  same  time  the  zygomatic  arch  becomes  weaker  and  the  jugal 
takes  a  smaller  share  in  its  composition. 

The  mandible  is  at  first  short  and  stout,  with  a  massive  symphysis. 
Afterwards  it  becomes  more  and  more  elongated  as  the  stature  of  the 
animals  increases ;  and  this  elongation  is  for  the  most  part  effected 
by  the  lengthening  of  the  symphysial  region,  though  the  backward 
rotation  of  the  ascending  ramus  tends  to  the  same  end.  The  pro- 
longation of  the  mandible  beyond  the  premaxillae  must  have  been 
covered  by  a  proboscis-like  structure  composed  of  the  upper  lip  and 
nose,  probably  more  or  less  prehensile  at  its  extremity.  The  length- 
ening of  the  mandible  seems  to  have  reached  its  maximum  degree  in 
the  Middle  Miocene,  after  which  it  again  became  shortened  by  the 
reduction  of  the  symphysis,  while  the  fleshy  and  now  mobile  proboscis 
was  left  behind  as  the  sole  organ  of  prehension. 

In  the  upper  dentition  the  chief  changes  are  the  loss  of  incisors 
Nos.  1  and  3,  and  the  great  increase  in  size  of  incisor  No.  2,  which 
eventually  forms  the  great  tusk  characteristic  of  the  later  Proboscidea. 
The  canines  are  soon  lost.  In  the  earliest  forms,  some  at  least  of  the 
cheek-teeth  (milk-molars)  are   replaced   by   premolars   in   the  usual 
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ininmier,  Mini  ilic?^e  loeih  lenj.iijk  in  wear  simulUneoualy  with  tlie  true 
Inioltr.T^;  Unt  in  Lttor  fnnu'^  nu  veitical  a  accession  takes  plac^,  ami  aj 
tli^i  milk  II iol;u sure  wurn  thoy  av^i  ^hod^  ^'^'"g  repUcefJ  from  liehmd  hj 
the  fuiHJinl  niovuniL!nt  t^f  tlie  nifjULrs.  Of  these  also  the  anterior  idaj 
Iiu  fihe<l,  11! nil  ut  length  in  old  iinlividuals  of  the  later  types  the  l««t 
innhir  is  fdune  function  id.  The  ^rudntd  increiise  in  the  complexity  of 
tho  proho?*cide;tn  niolarji  is  onu  of  their  most  striking  characteristics 
All  stfi;;cs  ran  l>u  triicfd  Itctwevii  thu  nimple,  braehyodont,  Mlopho+iont 
(i(uadiiinl>f]c{d:ir)  moLtrs  of  M**fnthri'iHm  (Middle Eocene)  to  the  extra- 
ordinju'ily  eoni^>lex  tj-pe  of  tooth  found  in  Eltphm,  Thins  in  I^akFo- 
itfttAtiitlou  (Ujjper  Eot:ent)  tin.!  niolurs  iire  trilophodont,  and  the  same  is 
true  of  thi^  Jir.si  luid  si^^iiid  ULulurij  of  Tdmhdodfm  (Miocene),  in  which, 
Imwevur,  the  last  nnflitr  h  nmjj^icntcd  by  the  addition  of  further 
tivuisvtiiv^u  LiXNStr^,  In  tlii*  Sie*:o*lonts  of  the  Siwalik  Hills  (Pliocene) 
a  furl  her  increase  in  ihe  imnil^ur  and  height  of  the  crests  take^  placet 
:ind  the  whiple  crown  of  the  tooth  is  more  or  less  covererl  with  a  thick 
coal  of  crnient.  Still  liitur,  ilie  ti^ansverse  crests  become  highly  com- 
]>ri*siised  liimiiijie  iini U'd  ^"V  cement,  and  these  are  as  many  as  tweoiv* 
seven  III  mnnber  iTj  the  ricistnLt-iio  Khphm  jmrnitjeimis  and    the  recent 

The  c  vol  n  til  HI   of   the-  loner  molars  correspontla  with  that   of  the 
intklius.     <Jf  thr  hiw'vv  int.'i;surs  the  middle  and  onter  pairs  (Xos, 
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The  authors  considered  it  probable  that  much  information  might  be 
obtained  by  the  careful  study  of  the  cell  groups  in  the  spinal  cord  of 
a  mammal  differing  markedly  in  its  musculature  from  man,  and  as  no 
previous  observations  on  similar  lines  had  been  made  in  the  same 
fulness  on  the  spinal  cord  of  any  of  the  Cetacea,  they  describe  the 
results  of  an  examination  of  the  cell  groups  in  each  segment  of  the 
cord  of  a  member  of  this  class,  Phoccma  communis.  The  investigation 
was  carried  out  by  obtaining  a  very  recently  captured  specimen  and 
at  once  preserving  its  .tissues  by  injecting  into  its  blood-vessels  a 
solution  of  formalin,  a  method  which  has  the  advantage  of  preserving 
the  natural  configuration  of  the  enlargements  of  the  cord.  A  number 
of  sections  were  prepared  for  the  microscope  by  different  methods 
from  each  segment  of  the  whole  cord,  and  typical  sections  were 
selected  and  photographed. 

The  principal  features  in  which  the  musculature  of  the  porpoise 
differs  from  that  of  man  are  the  almost  entire  absence  of  a  hind  limb, 
the  reduced  musculature  of  the  upper  limb,  and  the  possession  of  a 
large  and  flexible  tail  acted  upon  by  powerful  muscles,  with  some 
other  differences  noted  in  the  text. 

The  segments  of  the  cord  giving  origin  to  the  nerves  suppl3dng 
these  parts  were  compared  with  corresponding  segments  of  the  human 
cord.  The  groups  of  motor  cells  were  found  to  be  clearly  differentiated 
from  one  another,  and  striking  changes  were  found  to  occur  in  the 
shape  of  the  grey  matter  and  in  the  cell-groups  as  we  passed  from  one 
segment  of  the  cord  to  another,  pointing  clearly  to  a  connection 
between  the  character  of  the  part  supplied  with  motor  nerves  from 
any  segment,  e.g.,  limb,  tnmk  muscles,  genital  muscles, — and  the 
arrangement  of  the  anterior  horn  cells  in  that  segment. 

The  area  of  the  grey  matter  and  of  the  different  columns  of  white 
matter  was  also  determined  at  each  segment. 

The  authors  also  describe  some  hitherto  unrecorded  features  in  the 
minute  structure  of  the  cord  of  this  animal,  especially  the  position  of 
the  nucleus  of  the  spinal  accessory  nerve,  and  a  detached  mass  of 
grey  matter,  probably  corresponding  to  the  vesicular  column  of  Clark, 
in  the  lumbo-sacral  region  of  the  cord. 


VOL.  LXXI.  *i  ¥. 


144(1        Sir  Noniiini  Lockyer  and  Dr.  W.  J.  S.  Lockyer.     [ilan  17, 


|"Solar  ProTuinence  and  S|K^t  Circulation,  1872—1901."  By  Sir 
Norm  AX  Lockvkh,  KXML,  F.liS.,  and  William  XS.  Lockyer, 
Chief  Assitstaiit.  SaUir  Physics  Obfiervabory,  M.A.  (Caiab/), 
PLD.  (Gutt.),  FJu^S.  lieceived  March  17,— Read  March  26, 
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[PtATES  6  AND  7.] 

In  our  former  oominunicatiDns*  referring  to  the  connection  betiireen 
iflotHr,  lueteorological,  and  mugtietic  changes,  some  of  the  results 
lobtainod  by  the  reduction  of  the  solar  prominences,  as  ohaerrad  by 
1  Professor  Tacchini  at  Rome,  were  described.  It  was  stated  that  the 
I  curve  representing  the  variation  of  percentage  frequency  of  the 
Ipronnnent'CH  for  the  whole  limit  of  the  eun  indicated  that  in  addition 
to  the  main  epochs  of  rnaxirnaaud  minima  coinciding  in  time  generallv 
with  those  of  the  niaximn  and  minima  of  the  total  spotted  area,  there 
I  were  also  prominent  subsirliary  maxima  and  minima. 

f\irther^  dividing  thtt  sun's  limb  into  zones  of  20*  in  width  from  the 
I  equator,  with  a  polar  ;£one  of  10,  and  dicussing  each  zone  separately, 
I  the  variatiori  of  the  promiiK^nce  percentage  frequency  about  the 
[equator  uas  found  to  be  very  f liferent  from  that  in  the  higher  lati- 
former  changing  with  the  spots,   and  the  latter  exhibit^ 
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corroborated  Carrington's  results  and  extended  the  discussion  of  the 
observations  up  to  the  end  of  the  year  1879. 

The  result  of  these  two  investigations  showed  that  at  sunspot 
maximum  there  was  only  one  zone  in  each  hemisphere  in  which  spots 
were  situated,  the  centre  of  this  being  about  18'*  N  and  S,  while  at 
minimum  there  were  two  zones  existing  simultaneously  in  each  hemi- 
sphere ;  the  older  cycle  dyinpj  out  in  the  zone,  the  centre  of  which  was 
situated  in  low  latitudes,  and  the  new  one  commencing  in  high  latitudes, 
its  centre  being  about  latitude  ±  30"  to  ±  35\ 

Later  observations  extending  up  the  present  year  have  further  cor- 
roborated these  general  deductions,  for  each  hemisphere,  and  we  are 
now  quite  familiar  with  this  cycle  of  simspot  latitude  variation. 

In  the  present  investigation,  the  fact  has  been  brought  out  that  the 
prominences  also  imdergo  an  apparently  regular  variation  of  latitude 
throughout  a  period  of  about  eleven  years  concurrently  with  the 
spots. 

For  the  purpose  of  our  inquiry,  the  object  of  which  has  been  stated 
above,  we  have  discussed  independently  of  each  other,  two  fine 
series  of  prominence  observations,  one  made  by  Tacchini  at  Kome 
extending  from  1872  to  1900,  and  the  other  by  Eicco  and  Mascari  at 
Catania  from  1881  to  1901. 

Both  these  series  were  handled  in  the  same  way,  and  both  indicated 
similar  changes  of  latitude  of  prominence  action,  showing  that  the 
variations  recorded  were  real  and  not  due  to  any  personality  of  the 
observer  or  difference  in  the  method  of  observation. 

The  data  for  the  discussion  of  the  solar  prominences  as  observed  by 
Tacchini  have  been  taken  from  the  same  source  as  before,*  while  those 
of  Kicco  and  Mascari  are  published  in  and  have  been  extracted  from 
the  same  volumes. 

We  may  here  take  the  opportunity  to  express  our  thanks  to 
Professor  Ricco,  with  whom  we  have  been  in  communication,  and  who 
has  very  kindly  forwarded  for  our  use  some  unpublished  data  con- 
cerning his  prominence  observations  and  reductions. 

The  method  of  reduction  adopted  was  to  determine  for  each  year 
the  percentage  frequency  of  prominence  activity  for  every  10  degrees 
of  solar  latitude  north  and  south.  A  series  of  curves  was  next 
drawn,  one  for  each  year,  the  abscisssB  representing  the  latitudes  of 
prominences  north  and  south,  and  the  ordinates  their  percentage 
frequency.  It  was  then  found  that  the  centres  of  prominence 
activity,  or,  in  other  words,  the  maxima  of  the  curves,  were  sometimes 
single,  sometimes  double,  and  in  one  or  two  cases  even  triple  in  each 
hemisphere.     This   suggested  that  just  as  sometimes  there  are  two 

1874 — Dec,  1879.'  '  Fublicationen  des  AttropbjtikAliichen  Obferratoriums  zu 
PoUdam/  Band  I  and  II. 

*  '  Societil  Spettroscopisti  Italtani,*  vol.  1, 1872,  to  yol.  20, 1900. 
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existing  nt  one  time,  so  there  might  be  one,  two,  or 
ee  ;5iirief5of  proniinciices  in  ejdstencc  in  each  hemisphere 


Further,  a  close  examination 
of  the  whole  set  of  carves  with 
refei'ence    to    these     points    of 
maxima    made   it    possible    not 
'  only   to   study   the   changes    of 

:  latitude  of  these  points  from 
[  year  to  year  and  their  positions 
[  when  commencing  to  develop  or 
:  aliont  to  disappear,  hut   the  in- 

i  i      tensity  of  these  centres  in  rela- 
:  r      tiou  to  each  other. 
I  t  The  accompanying  illustration 

:-|  (fig.  1)  shows  the  curres  drawit 
L;:;  for  the  years  1879,  1880,  and 
['2  1881 J  from  the  observations  of 
I  ^  Ta echini,  and  serves  as  an  ex- 
l^  ample  of  the  curves  that  have 
:  a       been  diHCUssed  ;  they  exliibit  the 
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subsidiary  maxima  for  the  whole  period  covered  by  the  observations, 
the  results  illustrated  graphically  in  Plates  6  and  7  were  obtained. 

In  these  figures  the  facts  are  brought  together  for  each  hemisphere 
separately.  The  medials  of  the  lines  (curves  A  and  B)  show  the 
heliographic  latitudes  of  the  centres  of  prominence  action ;  the  thick- 
ness of  these  lines  represents  the  relative  percentage  frequency  of 
prominence  action. 

For  the  sake  of  comparison,  three  other  curves  for  each  hemisphere 
are  given.  The  first  (curve  C)  shows  the  moan  heliographic  latitude 
of  spotted  area  for  each  hemisphere.  For  the  construction  of  these, 
the  values,  since  1873,  have  been  extracted  from  the  Greenwich 
Reductions,*  but  previous  to  that  date  the  values  have  been  obtained 
from  Mr.  Marth's  reductions, t  and  those  completed  at  the  Solar 
Physics  Observatory  from  measures  supplied  by  Professor  Backlund, 
of  the  Wilna  Observatory. 

The  next  curve  (curve  D)  illustrates  the  variations  of  the  per- 
centage frequency  of  prominence  action  for  each  hemisphere  taken,  as 
a  whole,  and  is  similar  to  those  given  in  our  former  papers. 

The  last  curve  (curve  E)  shows  the  variation  of  the  mean  daily 
urea  of  sunspots  from  year  to  year,  also  for  each  hemisphere. 

Referring  now  to  the  changes  of  latitude  of  the  prominence  centres 
of  activity,  both  series  of  curves  for  the  north  as  well  as  for  the  south 
hemisphere  exhibit  the  same  general  features. 

The  first  conclusion  illustrated  by  the  curves  is  that  prominence 
activity  in  the  main  has  a  poleward  drift,  that  is,  the  change  of 
position  of  the  zones  of  activity  is  in  the  direction  from  low  to  high 
latitudes.  In  some  years,  the  centres  of  activity  appear  to  form  two 
zones  in  each  hemisphere  at  about  latitudes  +  24"  and  ±  50",  which 
eventually  amalgamate  at  about  latitude  ±  40°  and  move  polewards, 
fading  out  in  about  ±  70"  to  ±  80".  As  this  zone  disappears  in  high 
latitudes  a  new  zone  at  about  latitude  ±  20"  begins,  and  this  after  a 
few  years  becomes  associated  with  another  zone  in  about  latitude 
±  50^,  and  eventually  amalgamates  with  it. 

The  epochs  at  which  these  different  zones  come  into  play  in  relation 
to  the  general  curve  of  prominence  activity  for  the  whole  hemisphere 
are  as  follows  :  From  a  little  after  the  maximum  of  prominence 
activity  to  just  before  the  minimum,  two  zones  in  the  latitudes  ±  2V 
and  ±  50"  are  in  existence  and  of  decreasing  intensity.  Before  the 
minimum  is  reached  these  two  zones  amalgamate  in  about  latitude  ±  40". 
At  the  minimum  there  is  only  one  zone,  and  this  of  small  iri*iensity. 
Between  the  minimum  and  the  following  maximum  this  zone  rapidly 
takes  a  northern  movement,  increasing  in  intensity ;  a  new  outburst 

*  'Spectroscopic  and  Photographic  Obserrations  mode  at  Royal  Obsenrntor^*, 
Green wicli,  1884-,'  and  after, 
t  MSS.  at  Rojal  Society. 
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occurs    in   a   ^one  nearer  the    eqitntor    (latitude  ±  24*),  whii^li   iils^j 
increases  rapidly  in  intensity. 

After  these  general  statementa*  we  now  refer  to  some  details 
showing  that  there  are  some  variations  from  the  above  genoraliaa* 
tion. 

For  these  details  the  curves  deduced  from  both  sets  of  ohaervatiotis 
made  l>y  the  difterent  ohservors  are  so  very  similar  that  it  does  mA 
matter  which  are  examined. 

Attention  may  first  be  drawn  to  certain  difTerenc^  between  the 
uurves  representing  the  latitude  variation  for  the  two  hernia phen^s. 
It  will  he  noticed  that  for  the  period  1872 — 1882,  the  curves  for  Wtb 
hemispheres  are  very  similar.  Wg  next  consider  the  period  18S0 — 
1893,  Here  there  are  differences  between  the  two  hemispheres.  The 
curve  for  the  northern  hemisphere  resembles  very  closely  that  for  the 
preceding  period,  but  it  ditfers  somewhat  from  its  corresponding  curv^ 
for  the  southern  hemisphere.  The  corresponding  northern  zone  in* 
latitude  45'  is  missing  from  the  southern  hemisphere,  while  a  Eon©  of 
activity  nearer  the  equator  about  latitude  24''  is  present.  Further, 
the  polar  zone  for  the  southern  hemisphere  continues  to  be  prominent 
for  two  years  longer  than  that  in  the  opposite  hemisphere. 

in   the   succeeding  ciu-ves,  which  extend  from   1891 — 100 1^  !*olh 
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by  Father  A.  F^nyi,  S.  J.,  who  has  published*  the  individual  observa- 
tions, and  the  reductions  of  the  positions  and  frequency  of  promin- 
ences observed  at  Haynald  Observatory  for  the  years  1884  to  1890 
inclusive.  He  gives  curves  constructed  somewhat  after  the  manner 
adopted  in  the  present  enquiry,  as  illustrated  above,  in  fig.  1.  A.  com- 
parison of  the  points  of  maxima  from  his  curves  with  those  of  Tacchini 
and  Ricco  and  Mascari  for  the  period  common  to  all  three  sets  of 
observations  is  made  in  the  following  tables,  each  hemisphere  being 
given  separately..  The  vertical  columns  show,  for  each  year,  the 
heliographic  latitudes  of  the  points  of  maxima,  and  an  asterisk  {*)  is 
placed  against  the  one  which  is  the  more  or  most  prominent  in  each 
hemisphere ;  when  there  are  two,  and  they  are  of  equal  intensity,  this 
symbol  is  attached  to  each,  while  in  the  case  of  only  slight  indications 
of  maxima  the  latitude  is  enclosed  in  brackets. 


'  Tacohini . 


Northern  Hemisphere. 


1884. 


50,  2*5 
55,  10 


I  Ricco  and 

I  Mascari 

I  Fenji 65,  45,  16 


1885. 


43,    25 


1886. 


45,    20 


55,  15    I  45,    25 
45,    25  <  45,    20 


1887. 

1888. 

1889. 

1890. 

33 

3*5,  15 

40 

45 

30 

35 

45 

45  1 

45 

40,  20 

'^,  25 

45  j 

I  Tacchini . . 

I  Ricco  and 
I       Mascari 
F^nyi  


Southern  Hemisphere. 


1884. 

1885. 

1886. 

1887. 

1888.  1889. 

1 

1890. 

(75),  2*5,  5 

25 

35,^) 

46,  25 

1 
45, 25   45 

45 

(85),  2*5,  (5) 

25 

85 

45,  25 

50,2*5   46 

60 

(75),  3*5,  1*5 

(50),  35  1*0 

•  • 
35,10 

50,  80,  15 

60,25   40 

50,20 

It  will  be  seen  that  for  these  seven  years,  F^nyi's  results  are  in  very 
close  accordance  with  those  deduced  from  the  other  two  series  of 
observations,  thus  generally  endorsing  those  portions  of  the  curves  in 
Plates  6  and  7  covering  this  period. 

It  was  mentioned  in  a  previous  papert  that  the  mean  prominence 
curve  for  each  hemisphere  exhibited  subsidiary  maxima  and  minima. 
Ill  the  light  of  the  present  investigation,  it  is  interesting  to  compare 

*  *  Publicationen  des  Haynald-ObserratoriumB,  Kalocsa,'  Heft  VI,  1892,  und 
VIII,  1902. 

t  *  Roy.  Sot',  rroc.,'  vol.  71,  p.  244. 
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this  curve  with  that  rcpresentiHg  the    changes    of    latitude    of  tJiQij 
£ones  of  prominences.     In  every  case,  and  for  each  hami sphere,  thi 
subsidiarj^  maxima  arc  coincident  in  titne  with  the  presence  of  iw 
zones  of  prominences,  each   well-developed,  while  at  tho  pnoci] 
mininia  only  one  zone  is  m  evidence. 

We  have  already  explained  the  fact  that  spots  are  restrieted  to 
zone  having  its  limits  at  latitudes  ±  5"  and  ±  35  \  while  prominen 
occur  all  over  the  sun's  disc,  even  up  to  the  poles,  «nd  fdso  that  spol 
always  commence  their  cycle  in  high  latitudes  (alxjut  ±  35")  and 
gradually  approach  the  equator  until  within  5%  when  a  new  cycle  is 
commenced  in  high  latitudes.  Prominences  on  the  other  hand  begin  In 
comparatively  low  latitudes  (about  ±  24^)^  and  finish  their  cycle  naar 
the  poles* 

A  glance  at  the  Plates  6  and  7  brings  out  the  interesting  fact  thjit 
at  sunspot  minima,  when  two  zones  of  spots  are  in  evidence,  there  U 
only  one  zone  of  prominences,  while  when  only  one  zone  of  spote 
exists  the  prominences  are  for  the  most  part  confined  to  two  ^onea. 

The  conclusions  arrived  at  in  the  present  communication  rcuiy  li 
summarised  as  follows  : — 

I  *  The  centres  of  action  of  prominence  activity  undergo  an  ap] 
rently  regular  valuation, 

2.  The  direction  of   motion  of  these  centres  is  from  low^  to   liii 
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FnrtherriKnv,  it  m  to  be  oliserved  that  whenever  this  state  of  things 
scvn,  the]  c  h  always,  so  far  as  we  have  observed,  at  least  one  eon- 

llguuus  t'cll  which  is  dL'stituto  tjf  a  nucleus  (see  figs,  1»  2,  4).  We 
jjivincefl  tiurselves  of  this  highly  important  fact  by  examining  entire 

[rothalliu  thiiL   hud  heeti  carefully  stained,  as  there  was  always  the 
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through  which  ;i  strand  of  cytoplasm  was  still  visihla  eonnectirig 

[le  two  cells. 

When   the  migrating  iiiiclcus  has  passed  into  the  neighbouring  cell 

some  times  fuses  at  once  with  the    nucleus  already  present  there, 

lut   often    the   two   nuclei   remain   more   or   less   separated   for    an 

[jpreciable  interval  of  time. 

It  appuar.s  then  to  l>c  eldar  that  the  presence  of  the  pair  of  nuclei 
not  to  he  regarded  in  these  eases  as  resulting  from  a  division  of  the 

Fin-  4, 
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irregular  growth  of  the  new  tissue,  and  with  the  sporadic  appearance 
of  sporophytic  members,  on  the  prothallium  already  described  by 
Lang. 

When  the  nuclei  of  the  cells  in  the  apogamous  regions  are  examined 
in  course  of  karyokinesis,  they  are  seen  to  possess  a  much  larger 
number  of  chromosomes  than  those  of  the  ordinary  tissue  cells  of  the 
prothallium.  Owing,  however,  to  the  manner  in  which  the  very 
numerous  chromosomes  are  distributed  on  the  spindle,  an  exact  estima- 
tion of  actual  numbers  is  a  task  of  considerable  difficulty.  There 
appear,  however,  to  be  forty  and  eighty  in  the  respective  classes  of 
nuclei. 

We  regard  the  whole  process  as  a  kind  of  irregular  fertilisation.  The 
doubling  of  the  chromosomes  receives  an  explanation  strictly  analogous 
to  that  afforded  by  the  normal  fusion  of  oosphere  and  spermatozoid. 
But  instead  of  one  cell  only  (the  oospore)  serving  as  the  starting 
point  for  the  new  generation,  a  number  of  such  units  loosely  co-operate 
to  produce  it.  And  in  this  connection  it  is  perhaps  significant  that 
the  young  plantlet  is  commonly  borne  on,  and  produced  from,  a 
special  sporophytic  outgrowth,  of  which  the  constituent  cells  may  have 
become  homologously  differentiated  into  a  sort  of  pro-embryo. 

Instances  are  not  wanting  amongst  lower  animals  to  show  that 
close  cellular  in-breeding  may  occur,  and  form  part  of  the  normal 
sexual  series  of  events.  It  is  not  desired  to  press  the  analogy  of  such 
cases;  but  the  case  of  Actinosphserium  shows  that  a  process  indis- 
tinguishable from  normal  sexual  fusion  may  occur  between  sister  cells 
that  have  only  lately  arisen  from  the  division  of  a  parent  cell. 

We  do  not  propose  to  enter  on  a  full  theoretical  discussion  of  the 
l)earings  of  these  observations  at  the  present  time,  but  we  hope  to  do 
so  when  we  are  in  a  position  to  deal  completely  with  the  corresponding 
cytological  features  associated  with  apospory. 
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A  Study  of  a  Unicellular  Green  Al^a^  oecurring  in  Polluted 
Water,  i^Tth  esjiecial  lieferenco  to  its  Nitrogenous  Meta- 
bnlism/'  Hy  HAiijaETTK  Ceuck,  CoTniimnicated  by  Professor 
lin^EKT  BovcEi  FJi.S.  Keceived  February  28,— Read  March 
12,1903. 

(From  the*  Tliompson  Yntcs  Laborotoriei,  Univertity  CoUeg^t  tiT^JpOOh) 

A  small  J  unicellular,  gi'eeri  ;il^a  ^^as  noticed  to  l>e  frequently  present 
li  sewage  J  and  scwai^e  material  i^^,  when  these  had  been  kept  for  some 
■iiue.  The  same  tilga  was  also  found  to  have  seeded  itself  in  dlhite 
Imnioniacal  solution.'i.  TIur  somewhat  peculiar  habitat  seemed  to 
promise  tliat  some  thing:  of  in  to  rest  might  repay  a  study  of  the 
Ihysiolotry  of  the  plant,  Oo  e.^ami nation,  under  the  microicope,  it 
ras  found  to  be  an  uxtremrly  f^mall,  unicelhdar,  n  on -motile  alga,  with 

M'ell-defiited  chramatophorc,  which  latter  contained  a  distinct 
lyrenoid.  The  guniiml  cbanicteristics  of  the  alga  pointed  to  its  being 
llosely  allied  to  Chloreliu  (Beyerinck),*  and  I  have  provisionally  placed 

in  that  genu:^.  ChltitrlJa  pffhftiris  was  originally  described  by 
teererinck  aa  po.Hsesjiirig  either  no  pyrenoid,  or  an  insignificant  one ; 


1903.]     with  especial  Rcfercrvcc  to  its  Nitrogenous  Metabolism.      459 

The  algal  material  also  grew  exceedingly  well  when  stroked  upon  the 
following  ammoniacal  medium : — 2  *  0  grammes  NH4CI1  1 '  0  gramme 
Na2C03,  0*5  gramme  K2HPO4,  15  0  grammes  agar-agar,  in  1  litre 
water.  The  growth  was,  however,  contaminated  with  numerous 
bacteria. 

This  evident  ready  assimilation  of  ammonia  pointed  to  the  possibility 
of  the  organism's  playing  some  part  in  the  "  purification  "  of  sewage 
or  further  natural  "  purification ''  of  sewage  effluents,  and  its  nitrogenous 
metabolism  was  studied  with  this  view. 

Mode  of  Preparation  of  a  Pure  Culture, 

The  first  step  necessary  towards  a  study  of  the  chemical4)hysiology 
of  the  alga  was  the  preparation  of  a  pure  culture.  As  the  separation 
of  algae  in  pure  culture  is  not  of  very  common  occurrence,  few  as 
yet  having  been  obtained,  it  may  be  permissible  to  describe  in  detail 
the  method  adopted.  The  following  methods  were  tried  without 
success.  Sterilisation,  as  regards  bacteria,  was  attempted  ]>y  exposure 
of  liquid  cultures  to  sunlight,  and  hydrogen  peroxide  was  also  tried 
as  a  means  of  killing  the  adherent  bacteria,  but  the  alga  appeared 
to  be  susceptible  also.  More  purely  bacteriological  methods  were 
employed,  viz. : — by  stroking  in  great  dilution  over  the  surface  of 
potatoes,  and  by  "  pouring  "  plates  of  ammonium  agar,  or  ammonium 
gelatine,  and  incubating  in  sunlight,  at  a  low  temperature.  All  these 
methods  failed  for  one  reason  or  another,  but  the  organism  was 
finally  separated  in  the  follo>^dng  way.  It  seemed  advisable  to  employ 
an  ammonium-containing  medium,  and  ammonium  agar  was  therefore 
selected.  Plates  of  this  medium  were  poured  and  allowed  to  set.  An 
ammoniacal  solution  was  also  made  and  sterilised,  having  the  following 
composition :— 0*5  gramme  NaoCOs,  0*5  gramme  K2HPO4,  0*1 
gramme  NH4CI,  1  litre  tap-water  or  distilled  water.  This  solution 
will  in  future  be  alluded  to  as  "  solution  A." 

A  few  drops  were  allowed  to  drop  upon  the  surface  of  the  poured 
plates,  then  a  small  portion  of  the  impure  material  was  added  to  the 
first  plate,  and  the  whole  was  brushed  over  the  surface.  The  same 
brush  was  then  used  to  brush  the  liquid  over  the  second  plate,  and 
so  on,  to  six  plates  or  more,  without  the  addition  of  fresh  algal 
material,  so  that  a  considerable  dilution  was  obtained.  The  plates  were 
kept  in  the  light,  in  as  much  sunshine  as  was  possible,  protected 
from  dust,  and  in  a  damp  atmosphere.  In  seven  to  fourteen  days,  green 
growth  was  generally  visible,  and  after  three  or  four  weeks,  definite 
algae-colonies  were  to  be  distinguished  among  the  colonies  of  bacteria. 

In  this  way  pure  cultures  of  Chlorella  pyrenoidosa  were  obtained  from 

(1)  Material  of  Ducat  Filter  Bed  (Hendon). 

(2)  Sludge  wash-water  (Leeds). 
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This  method  rimy  he  relied  upon  to  yield  pure  cultures,  for  it  bas 
Lsincc  been  repeated,  jind  agaiu  proved  suceesaful. 

The   follow in^c   h   a    fairly  compreheneive  diagnosis  of    Chhrdln 

Vhliffdhi  (Bey eri lick)*  very  minute,  uiiieellidar,  non-inotile,  spherical 
lor  ellipticiiS  green  alg^e ;  chromatophore  single,  parietal^  with  or 
I  without  \L  pyreuoid;  cells  isolated,  showing  no  tendency  to  form 
leokinic^  ;  innltipHcHtion  by  division  of  the  cell-contente  to  form  a 
I  number  of  duughter  cclU* 

{/.  jHfriftijithniii  (sp,  n,) :— cclla  spherical,  S — dp.  in  diameterj  aome- 
I  times  attaining  1 1  jj.  ;  chromatophore  single,  parietal  mantle-ehaped, 
I  cave  ring  nearly  the  whole  of  the  cell-w^all ;  pyrenoid  conspicuous  and 
Lingle  (see  Plate  ^,  tig  '^)  ;  reproduction  by  successive  division  of  the 
lcell-cu!i tents  to  form  within  the  mother  cell  us  many  as  eight  daughter 
I  cells,  which  su[»se(|Ueritly  beci:ime  free  of  the  mother  cell  wall   (see 

1%  ^)' 

PhphiOfjii*if  'Iuntfrtii\<. —  ShowiEig  a  marked  preference  for  ammoma 
liLtid  amnion  iaciil  compounds  {ejj.j  urea)  compared  with  nitrates  in  its 
(cuhure  fluids  :  t^iowth  and  multiplication  largely  increased  by  the 
1  addition  *jf  glucose  to  the  culture  fluidsj  causing  the  cells  and  cell* 
Ituutcnu  to  ;ts:5ume  a  changed  and  characteristic  appearance, 
rntfiilifMi    resembles*   C.   protothecain 
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stimulated,  and  this  is  particularly  rapid  when  grown  upon  nutrient 
agar  or  gelatine  to  which  glucose  has  been  added.  The  liquid  medium 
par  excellence  for  studying  this  organism,  is  sterilised  sewage,  in  which 
it  preserves  its  normal  form  and  characteristics.  In  solution  A,  it  also 
grows  well,  while  if  to  the  liquid  a  small  quantity  of  glucose  is  added, 
the  growth  is  much  stimulated,  and  the  individuals  assume  the  appear- 
ance, described  below,  characteristic  of  growth  in  glucose  media. 

Accompanying  the  much  more  abundant  development,  the  nitrogen 
assimilation  is  also  increased,  as  will  be  seen  later. 

Glucose-containing  media  (fig.  4).  When  grown  upon  media  containing 
glucose,  while  the  general  growth  is  much  improved,  and  the  individual 
cells  are  also  larger  in  size  upon  the  whole,  the  green  colour  of 
the  cell-contents  is  much  paler,  and  sometimes  almost  disappears, 
while  the  chromatophore  is  much  disorganised.  The  contents  of  the 
cell  appear  to  be  segregated  into  a  variable  number  of  slightly 
refractile  bodies,  usually  pale  greenish-yellow  in  colour,  which  are 
apparently  free  in  the  cell.  If  when  mounted  in  water  under  the 
microscope,  a  slight  pressure  is  applied  to  the  coverslip,  the  cell 
envelope  is  easily  ruptured,  and  these  bodies  are  liberated,  and  float 
freely  in  the  surrounding  liquid.  The  protoplasm  also,  in  the  case  of 
glucose  cultures,  shows  small  granules,  and  the  pyrenoid  is  no  longer 
to  be  traced,  but  a  certain  amount  of  staining  with  iodine  may  be 
noticed  in  the  granular  protoplasm.  These  changes  closely  resemble 
those  noticed  respectively  by  Kruger*  in  the  case  of  his  Chlm-othecium 
HOcrJmrophilum  and  Cklorella  protothecoideSj  and  by  Matruchot  and 
Molliardt  in  the  case  of  Stichococcus  bacillaris,  when  these  algae  were 
gro\vn  upon  glucose  containing  media. 

The  results  of  growing  C,  pyrenoidosa  upon  media  containing  lactose 
or  saccharose  also  resembled  those  of  the  above  authors.  These  two 
sugars  appear  to  possess  a  far  lower  nutritive  value  than  does  glucose, 
while  the  algal  cells  preserve  their  normal  appearance.  When  grown 
upon  ammonium  agar,  the  growth  is  comparatively  slow,  the 
individuals  appear  larger  in  size  than  when  grown  upon  ordinary 
nutrient  agar,  their  green  is  darker  and  the  cell-contents  are  of  the 
normal  type. 

Quantitative  Chemical  Experiments, 

The  evident  preference  of  this  organism  for  ammoniacal  culture 
solutions  seemed  to  be  a  reason  for  studying  its  nitrogen  assimilation. 
The  absorption  of  ammonia  by  algae  is  not  a  new  discovery  ;  it  is  well 
known,  from  the  researches  of  Letts  and  Hawthorne,!  that  Ulva  latissima 

*  Zopf's  '  Beitrftge  z.  Morph.  u.  Phys.  Nied.  Org./  Leipzig,  yoI.  4, 1804,  p.  91. 

t  *  Eey.  Gen.  de  Bot./  vol.  18,  1902. 

X  Letts  and  Hawtbome,  *  Boy.  Soo.  Froo.,  £din.,'  1901,  p.  268 ;  Letts,  "  Beport 
on  the  Scheme  of  Sewage  Purification  proposed  for  Belfast,  and  its  Probable 
Effects  on  the  Lough." 

VOL.  LXXI.  1  \a 
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labsnrLs  auimonuL  with  extreme  rapidity,  and,  consequently,  will  grow 
larifl  (develop  to  an  extmonliiiai y  i?xt€nt  in  sewage- polluted  water,  for 
I  such  water  contains;  i4  conip.irutively  Wge  amount  of  ammonia.     C- 

pt/ieiioi^l(isit  also  ahsorhs  ammonia  in  a  marked  degree,  and  thiB  fact 
I  lends  practical  importuiicc  to  the  study  of  its  nitrogenoiiB  motaboLLsm, 
I  for  it  also  may  have  some  1  tearing  upon  the  purification  of  sewti^e. 
1  Although  the  orgaTii.sm  h  itself  very  small,  and  the  absolute  quantities 
lit  tackles  aliso  insignificant^  yet  the  reaulta  of  the  following  experi- 
Iments^  tbeuii^elves  upon  a  vei y  small  scale,  tend  to  ahow  that  If  C. 
ijnirenoidom  were  growing  in  ^reat  quantities  (e.g^t  ^^  the  bed  of  a 
Irivf-r  polluted  with  i^ewaf^e),  very  important  changes  migbt  W  effected 

in  the  composition  of  the  water  in  which  it  grew. 

The  method  of  pure  eidturea  was  adopted  in  every  case,  unless 
lotherwiBe  i?tatud,  **Paatenr  flaalis"  were  used  to  contain  the  cul- 
jturcii;    these    were    sterilised    and    then    fiUeil    with   the    sterilised 

culture  fluid  by  means  of  sterilised  pipettes.  One  flask  was  always 
Ikejit  sterile,  as  a  control,  while  a  second  was  inoctilated  with 
IVhlttrelht  p^jmndihiatK  The  flasks  were  kept,  often  for  months,  in  a 
I  sunny  place,  protected  from  ilust,  and  in  a  damp  atmosphere  in 
I  order  to  prevent  evaporation.  These  Paateiu-  flasks  can  be  obtained 
I  to  hold  300  c.c*,  and  this  size,  when  containing  150  c,c,  of  fluid, 
I  was  found  to  lie  extremely  convenient.     To  see  if  the  cultures  and 
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operation,  their  ends  were  fixed  by  means  of  cotton  wool  in  the 
mouths  of  test  tubes,  and  the  whole  wrapped  in  filter  paper,  and  left 
so  until  actually  used.  When  the  samples  were  removed  for  analysis, 
the  liquid  was  at  the  same  time  tested  for  sterility  in  the  way  already 
described. 

The  culture  liquids  employed  were  sterilised  sewage  and  sewage 
effluents,  and  also  sterilised  artificial  liquids  whose  composition  was 
arranged  to  resemble  that  of  sewage  as  nearly  as  possible.  The  sewage 
was  usually  allowed  to  stand  for  several  days,  then  filtered,  and  after- 
wards sterilised  by  successive  heatings  at  100'  C.  The  artificial  culture 
media  were  the  solution,  A,  referred  to  a])Ove,  and  also  the  same 
solution  to  which  a  small  amount  of  glucose  has  been  added  (about 
0*25  per  cent.). 

The  methods  of  analysis  were  those  usually  adopted  in  water  and 
sewage  analysis.  In  the  estimation  of  the  free  ammonia  a  small 
portion  of  the  liquid  to  be  analysed  (3  to  10  c.c.)  was  diluted  with  about 
500  c.c.  ammonia  free  water  and  distilled.  Three  successive  portions 
of  50  c.c.  were  distilled  off,  and  the  ammonia  contained  in  them  esti- 
mated by  means  of  adding  Nessler's  solution  and  comparing  the 
yellow  tint  with  that  given  by  definite  amounts  of  standard  ammonium 
chloride  solution.  "  Albuminoid  ammonia  "  was  afterwards  estimated 
by  adding  a  fixed  amount  of  "alkaline  permanganate"  solution,* 
distilling  as  long  as  ammonia  came  over  in  the  distillate,  and  esti- 
mating these  amounts  in  the  same  way.  It  is  possible  that  in  some 
cases  the  quantities  of  albuminoid  ammonia  given  in  the  analyses 
in  the  following  tables  may  be  slightly  too  low.  For,  in  certain 
instances,  towards  the  end  of  the  distillation,  the  ammonia  came  over, 
in  the  distillate,  very  slowly  and  in  very  small  quantities.  It  was 
considered  more  accurate  in  these  cases  to  discontinue  the  analysis 
when  these  amounts  fell  below  a  certain  very  small  value,  since  the 
error  in  estimating  such  very  small  quantities  becomes  comparatively 
great. 

The  presence  of  nitrates  or  nitrites  was  detected  by  means  of 
diphenylamine  -  sulphuric  acid  and  metaphenylene -diamine,  while 
quantitative  estimations  were  made  by  means  of  the  "  copper-zinc 
couple  "  method  in  which  the  nitrogen  present  as  nitrates  or  nitrites 
is  estimated  as  ammonia. t  To  allow  for  any  ammonia  that  might 
have  been  originally  present  in  the  solution  or  introduced  as  traces 
during  the  analysis,  a  control  estimation  was  always  made.  This 
analysis  was  carried  out  in  every  way  like  the  real  one,  except  that  no 
**  couple "  was  introduced,  and  the  ammonia  thus  obtained  was  sub 
tracted  from  that  found  in  the  actual  estimation. 

The  analysis  of  the  cultures  of  this  alga  by  these  methods  is  by  no 

*  '  Volumetric  Analysis/  Sutton,  8th  ed.,  p.  512. 
t  Ibid,,  p.  482. 
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I  means  ua.s}%  for  the  quantities  treated  are  exceedingly  small,  the 
rnothods  of  luialyiiiii^  afloptctl  demfitid  a  comparatively  large  margin  of 

I  uxjierfnieiitrd  ern^r,  sind  the  lenicth  of  time,  over  which  many  of  the 
ox  peri  mu  I  Its  mvut  eontinuo,  in  itlac;  a  drawhaek.  The  aterilisjition  of 
flasks  and  pipettes  must  also  iiitrofhice  a  slight  error  whore  such  small 

I  quantities:!  <jf  jinunoniit  are  conccT  iied.  The  estimation  of  the  allnmiinoid 
:iiimu>niii  is  freqiicntly  rendf  red  troiildesome  hy  the  tendency  of  the 
lirjuifl  ta  Inim]^  while  distilling.  It  has  l)een  found  that  this  difficulty 
\e  usually  oh  via  ted  if  the  amnionifi-free  water  used  for  dilution  is  wel! 
atuated,  and  if,  from  time  to  time,  small  quantities  of  fresh  aerated, 
umnionia  free  water  are  added  during  the  distillation. 

The  al^sorption  of  aninujtiiM.  as  this  alga  grows  in  ammonia-contain- 
ihg  cnlture  liquids,  is  wcil  sbuwn  by  the  results  of  the  analyses  Iti 
TahlcH  I — ^Vf  I.    At  the  same  limej  the  amount  of  albuminoid  ammoniji 

I  present  steiidily  increases,  and,  on  the  whole,  a  fairly  even  balance 
is  nTaintaincd,  which  can  be  seen  by  comparing  the  quantities  of  total 
nitroiren. 


The  L^vitlent  preference  of  ^'hltytvUa  pipTJioklosa  for  its  nitrogen  as 
I  amuHjnja,  ntther  than  in  an  oxidised  form,  is  seen  from  Tables  11^  HI, 
IV,     In  Ta)ilc  III  au  impure  inhure  of  the  alga  was  allowed  to  grow 
jigside  the  pure  culture,  and  it  will   be  seen  that  similar  changes 
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allowed  to  go  free  in  the  liquid.  With  the  object  of  settling  this 
point,  cultures  which  had  manufactured  a  good  deal  'of  albuminoid 
ammonia,  were  sul)jected  to  centrifugalisation,  and  analyses  made  of 
the  clear  solution  (see  Tables  VI  h  (analysis  No.  3)  and  V).  The  clear 
solution  in  either  case  contained  no  more  albuminoid  ammonia  than 
the  control,  proving  that  the  elaborated  nitrogenous  substances  were 
entirely  retained  within  the  cell  body. 

In  two  cases,  however  (Tables  VI  h  (analysis  No.  4)  and  VII  h\ 
older  cultures  were  examined.  The  word  "  older  "  is  here  used  to  imply 
that  these  cultures  had  passed  through  many  more  cell-generations, 
judging  from  the  appearance  of  the  growth  and  the  size  of  deposit 
present.  In  these  cases,  a  considerable  amount  of  albuminoid  ammonia 
was  found  to  exist  in  the  clear  liquids.  This  seemed  to  prove  that 
the  algal  individuals,  under  certain  conditions,  yield  up  to  their 
culture  liquid  somewhat  complicated  nitrogenous  matters  in  a  soluble 
form,  and  a  probable  explanation  would  be  that  they  exhibit  this 
phenomenon  when  the  cells  are  in  a  dying  or  dead  condition.  This 
fact  assumes  a  certain  significance  when  it  is  remembered  that  the 
natural  habitat  of  this  alga  is  ammoniacal  liquids,  hence  notably 
polluted  waters.  The  actual  amount  of  assimilation  and  excretion 
is  extremely  small,  and  it  would  be  difficult  to  assert  that  the 
presence  and  growth  of  such  an  alga  as  Chlo^ella  pyrenoidosa  was 
of  very  great  importance  in  nature.  But  the  eflfect  of  this  alga,  if 
present,  would  probably  be  to  leave  the  water,  in  which  it  has  ^own, 
ill  what  would  be  termed  a  "  more  impure "  condition.  It  is  evident 
from  the  above  experiments  that  the  organism  possesses  the  faculty  of 
converting  saline  ammonia  into  albuminoid  ammonia,  which,  under 
certain  conditions,  is  discharged  from  the  cells  into  the  culture  fluid. 
*'  Albuminoid  ammonia  "  is  a  name  given  to  a  certain  class  of  sub- 
stances on  account  of  facts  connected  with  their  analysis ;  these 
substances  are  quite  unstudied,  and,  in  this  instance,  may  be  perfectly 
harmless  compounds.  But  the  presence  of  albuminoid  ammonia  to 
more  than  a  very  small  degree  has  always  been  considered,  perhaps 
without  sufficient  foundation,  to  show  evidence  of  dangerous  pollu- 
tion, and  hence  to  be  most  prejudicial  to  any  water.  The  formation 
and  excretion  of  such  compounds  by  a  green  alga  appears  to  be  a 
new  phenomenon,  and  is  not  without  especial  interest  in  this 
connection. 

An  attempt  was  made  to  compare  the  nutritive  value  for  Chlorelht 
pyrenoidosa  of  various  nitrogenous  substances,  and  with  this  object  a 
series  of  nutrient  fluids  were  prepared  of  the  same  composition  as 
those  used  by  Kriiger*"  in  his  experiments  with  Chlorelki  protothecoides 
and  ChloTotliecium  saccJuLraphilum. 

•  Kriiger,  Zopf's  *  Beitrage  z.  Phjs.  u.  Morph.  Uied.  Org.,'  Leipzig,  toI.  4^ 
p.  103. 
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A  stock  solution  wa^  made  having  the  following  com |io«itJ on  :— 

Glucose  1  '0  per  cent.,  K^HPO^  02  per  cent,  JlgSOi  Q'04  per  cent*, 
CaCli  0*02  per  cent.,  distilled  ^ater  100  c.c. 

With  this  Rtotk  solution  eight  different  culture  solutions  ^ere  pre- 
pared containing  respectively  01  per  cenL  of  the  following; — 

1.  Aspttragine,  5-  Peptone, 

2.  Aapartic  acid.  6.  Xanthin. 

3.  Urea.  7.  Hippuric  acid, 

4.  Uric  acid.  8*  Stock  Bolution,  without  further 

addition. 

Of  these  golutions,  the  cidtures  grown  in  those  containing  urea  and 
uric  acid  were  found  to  flourish  exceedingly  well,  and  by  far  the  Ijest, 
while  of  the  others,  the  culture  in  the  liquid  eontmning  xanthin  gave 
evidence  also  of  l>ei ng  very  wel^  nourished, 

Lhijc  Add  VuUurf. — An  analysis  was  made  of  this  culture  in  the 
orrlinary  way.  In  the  case  of  the  control  liquid,  it  was  found  that 
no  free  anunonifi  was  obtained,  and  comparatively  very  little  of  the 
lutrogen  of  the  uric  acirl  was  yielded  as  albuminoid  ammonia.  It  visits 
found,  however,  that  when  Chlifrdhi  ppYiwidosa  had  been  growing   in 
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Table  I. — Showing  Assimilation  of  Ammonia. 
Culture  in  Solution  "A."    Started  October  21, 1901. 


No.  of  analysis. 

1 
2 
3 
4 

Date  of 
analysis. 

21.10.1901 

26.10.1901 

2.11.1901 

Free  ammonia 
Free  ammonia 

Control. 

Per  cent, 
nitrogen. 

Culture  of 

Chlorella 

pyrenoidosa. 

Per  cent, 
nitrogen. 

0-00209* 
0  00183* 

0-00144* 

Free  ammonia 

0-00162* 

0  00194f' 
0  00062 

0 
0 

0  00114* 

28.11.1901 

Free  ammonia 
Albuminoid 

ammonia 
Nitrites 
Nitrates 
• 

0  -OOOTlf 
0-00081 

0 
0 

*  Estimated  by  direct  Nesslerisation. 

t  Estimated,  after  distilling,  by  Nesslerisation. 


Table  II. — Showing  the  Assimilation  of  Ammoniacal  Nitrogen  in 
preference  to  Oxidised  Nitrogen. 

Culture  in  a  Sterilised  Sewage  Effluent  (Land). 


;  Date  of  analysis, 


31.10.1901 


7.12.1901 


I 


Free  ammonia 

Albuminoid  ammonia. 

Free  ammonia 

Albuminoid  ammonia 

Nitrates 

Nitrites 

Nitrogen — 
Total  (by  addition)  . 


Control. 

1        Culture. 

Per  cent, 
nitrogen. 

Per  cent. 
;       nitrogen. 

0- 000142 
trace 

1 

oooo 

0 
1       0  -00025 
'       0  00213 
Faint  trace 

0-00231 

0  -00238 

m 
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Table  ITL — Showing  the  Assimilation  of  Ammoniacal  Nitrogen 
Preference  to  Oxidised  Nitrogen,  and   Formation  of  AlbuaunoSd 

Ammonia. 

Culture  in  Sterilised  Sewage,  which  had  atoai  for  some  lime.     Hturted 
Novembers,  190L 


Date  of 
anal  J  SIB. 


Control. 


Per  eent. 


of  ChhrefU 


Per  cent. 


Oulttii^  of 

dofa  contanu- 
nat^Hl  witli  the  | 
fa«ct«ria  which 
ufiually  a<?cotii-^ 
pan  J*  it. 
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Table  IV. — Showing  the  Assimilation  of  Ammoniacal  Nitrogen  in 
Preference  to  Oxidised  Nitrogen,  and  the  Formation  of  Albuminoid 
Ammonia. 

Culture  in  Sterilised  Sewage.     Started  October  31,  1901. 


No.  of  analysis.        ,^^.^[ 

Control. 

Pure  culture 
of  Chlarella 

j 

1 

Per  cent, 
nitrogen. 

Per  cent, 
nitrogen. 

1                 31.10.1901 

Free  ammonia          0  -00247 
Albuminoid              0*00041 
ammonia 

1 

— 

2                 20.10.1901 
and 
21.10.1901 

Free  ammonia 
Albuminoid 
ammonia 

0-00231 
0-00072 

0  00237 
0  00069 

3             '     20.12.1902 
1     21.12.1902 
and 
22.12.1902 

Free  ammonia 
Albuminoid 

ammonia 
Nitrites 

Nitrites  and 

nitrates 

Total  nitrogen 

(by  addition) 

0- 00276 
0-00068 

Small  reaction 

0  00128 

0  00467 

0-00082 
0-00280 

Small  reaction, 

but  greater. 

0-00181 

0-00443 

470 
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fuble  V,— Showing  the  ABsimiktion  of  Amman  meal  Nitrogen,  Form! 
tion  of  Albuminoid  Nitrogen,  and  the  Results  of  Centrilugalisation 

Experiments, 

Culture  in  Sterili^d  Sewage,  containing  no  Oxidieed  Nitrogen, 
Started  August  4,  1902, 


I 


1 

No,  of 
atitjljiiib. 

Dato  of 

— 

Ccmtrol, 

DtdhtT*  of  Ckhf^tia       \ 

Whole 
tJuJtQre, 

solution  after 

ceatrU 
fugtiUeatum 

Per  s?eiit* 

Per  cenfc. 
tiitrp^en. 

l**r  cent, 
iiitrogeiu 

I 

4.8.ni02 

Ffp©  aTnmonia 
A.lbuiiiinoid 
^jDmonia 

t)  ^00251 
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Tables  VI  (a)  and  {b). — Showing  increased  Nitrogen  Assimilation 
when  Glucose  is  present  in  the  Culture  Fluid,  and  the  Result  of 
Gentrifugalisation  Experiments,  in  the  latter  instance,  both  in  the 
case  of  Younger  and  Older  Cultures. 


Table  VI  (a).— Culture  in  Solution  "  A."     Started  November  3, 1903. 


Control. 

Culture  of 
Chhrella 

No.  of  analysis. 

Date  of 
analysis. 

.    — 

Per  cent. 

Per  cent. 

nitrogen. 

nitrogen. 

1 

3.11.1902 

Free  ammonia 
Albuminoid 
ammonia 

0*00216 
0*00042 

Nitrites  and 

0  00 



nitrates 

Total  nitrogen 

0*00258 

(by  addition) 

2 

21.11.1902 

Free  ammonia 

0-00231 

0-00202 

and 

Albmninoid 

0  00040 

0-00039 

22.11.1902 

ammonia 

Nitrites  and 

0  00 

0-00 

nitrmtet 

Total  nitrogen 

0  00271 

0  00241 

Mim  H,  Chick     On  a  Unicellular  Ortmt  Abja,     [Feb,  28, 


Piible  VI  (/^), — Culture  in  Solution  *' A,"  to  which  a  amall  amount  of 
Ulucosc  had  been  added  (about  0'25  per  cent.).  Stutted  Novem- 
ber 3,  1902. 


Date 

of 

analysis. 

ControL 

Culture  of  CkleretU 

Ko.  of 

Wholp 
culture. 

Clear 
solution  aft«f 

ceotri- 
fugftLifl&tioa 

Per  rettt. 
nitrogen. 

Per  cent, 
nitrogen. 

Per  cent, 
mtrogen. 

1 

3.1L1902 

Ffeo  BiniHonia 
Albuminoid 

NirriU's  and 

Q  '00241 
0^000*6 

000 
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Tables  VII  (a)  and  (b), — Showing  increased  Nitrogen  Assimilation 
when  Glucose  is  present  in  the  Culture  Liquid,  and  the  Kesult  of 
Centrifugalisation  Experiments  in  the  latter  case. 


Table  VII  (a).— Culture  in  Solution  "  A."    Started  August  5,  1902. 


Control. 

Culture  of 
Chlorella 

No.  of  analysis. 

Date  of 
analysis. 

i 

i         "" 

pyrenoidosa. 

I 

Per  cent. 

Per  cent. 

nitrogen. 

nitrogen. 

1 

6.8.1902. 

Free  ammonia 
j  Albuminoid 
1            ammonia 

0-00268 
0 -00012  (?) 

Nitrites  and 

0-00 

— 

1              nitrates 

Total  nitrogen 

0-00280 

1 

1 

'     (by  addition) 

2 

19.11.1902. 

1 

1  Free  ammonia 

0- 00221 

0-00166 

.  Albuminoid 

0  00030 

0-00091 

1 

ammonia 

Nitrites  and 

0-00 

0  00 

nitrates 

Total  nitrogen 

0-00260 

0  00257 

Miss  H.  Chick.     On  a  Unmllnlwr  Qtemi  Alga^    [Feb.  28 

iTable  VII  {h). — Culture  in  Solution  *'  A^"  to  which  a  small  amount  of 
Glucose  bad  been  added  (about  0"25  per  cent*).  Started  August  5, 
1902. 


No.  of 

of 
anaijais. 

— 

Control. 

Culture  of  Chloreila 

Wliole 
culture. 

Clear 
liquid  after 

centric 
fogiUisatioii. 

Per  cent, 
nitrogen. 

P©p  cent. 

nitrogou. 

'Per  cent, 
nitrogen. 

1 

5.8.1D02 

Free  umTnonia 
Albiimiuoi!] 

JSitriti  s  and 

tut rates 
Total  nitrogen 

0  -ooasi 

0  00015  (?) 

0-00 

0  ^00269 

— 

— 

2 

23.10.1902 

Tree  niu mania 
^UbuiiiiTioid 

0  -00231 
Q  *0OO22 

0-00070 

0-ooiii 
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when  o£fered  in  the  form  of  ammonium  salts,  while  the  latter  alone 
could  assimilate  nitrate  nitrogen.  Artari,*  working  Mrith  the  gonidia 
of  two  lichens,  isolated  in  pure  culture,  showed  that,  after  peptone, 
^sparagine  and  ammonium  sulphate  were  the  useful  sources  of  nitrogen 
for  these  algas,  and  other  observerst  have  made  equally  careful  experi- 
ments in  the  case  of  some  of  the  higher  plants,  and  have  shown  that 
not  only  simple  ammonium  salts,  but  also  compound  ammonias,  such 
as  methylamine,  ethylamine,  can  readily  be  assimilated. 

From  a  physiological  point  of  view  Chlarella  pijrenoidosa  must  be 
included  in  this  second  class,  for  it  has  been  shown,  as  the  result  of 
quantitative  as  well  as  qualitative  experiments,  that  this  alga  prefers 
its  nitrogen  to  be  presented  to  it  in  the  form  of  ammonia  or  ammo- 
niacal  compounds.  Among  the  latter  urea,  uric  acid,  &c.,  rank  high 
in  nutritive  value. 

It  would  also  appear  from  the  foregoing  chemical  experiments  that 
this  ammonia,  after  being  absorbed  by  the  cell,  is  elaborated  into 
albuminoid  ammonia,  |  a  term  used  to  describe  certain  nitrogenous 
bodies  of  ammoniacal  nature,  which  yield  ammonia  when  boiled 
with  alkaline  permanganate  of  potash ;  in  fact,  almost  all  the 
nitrogen  assimilated  would  appear  to  remain  in  this  comparatively 
simple  form.  This  nitrogen,  for  example,  is  more  easy  of  attack  than 
that  contained  in  uric  acid.  These  elaborated  nitrogenous  compounds 
appear  to  be  retained  wholly  within  the  cell  body,  but  under  certain 
conditions,  only  observed  in  the  case  of  "  older "  cultures,  they  seem 
to  escape  from  the  cell,  and  can  be  traced  free  in  the  liquid. 

The  presence  of  glucose  in  a  culture  liquid  frees  the  alga  from  the 
necessity  it  would  otherwise  experience  of  manufacturing  carbohydrate 
for  itself.  The  algal  cell,  being  thus  relieved  of  a  certain  part  of  its 
ordinary  work,  appears  to  be  enabled  to  reproduce  itself  much  faster, 
and  its  nitrogen  assimilation  is  also  much  increased,  though,  owing 
to  the  increased  multiplication  of  cells,  it  would  be  impossible  to  say 
that  the  nitrogen  assimilation  per  cell  was  increased.  The  chlorophyll 
body  of  the  cell,  at  the  same  time,  gives  evidence  that  its  function  has 
been  interfered  with  by  a  most  striking  change  in  form  and  in  the 
amount  of  chlorophyll.  It  is  distinctly  noteworthy  that  neither  cane- 
sugar  nor  lactose  can  be  substituted  for  glucose  in  this  connection. 

The  effect  of  glucose  in  causing  a  definite  change  in  the  chlorophyll 
body,  and  in  generally  stimulating  growth,  would  not  appear  to  be  an 
isolated  fact.  It  has  been  shown  by  other  observers  in  the  case  of  thi*ee 
green  algae  {Chlorothecium  saccharophilumy  Chlorella  prototliecoides^  Siicho- 
oxms  hadllaris)^    upon   whose    nutrition  the  e£fect    of   glucose   was 

*  '  Bull.  d.  1.  Soc.  Imp.  des  Nat.  de  Moscou/  1899,  p.  39. 

t  Laurent,  'Ann.  de  Tlnst.  Past.,*  toI.  3,  1899;  Lutz,  'Comptes  Rendus,' 
vol.  126,  p.  1227. 

X  Wanklyn,  *  Ghem.  Soc.  Joum.,'  1867,  p.  59. 
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atudied  In  piire  culturej  that  there  was  a  markeil  increase  in  growth 
when  this  carbohydrnte  was  added  to  their  cidtiiro  meditim,  thougb 
no  quantitative  experiments  were  mftde  to  measure  any  differenco  in 
assimilation. 

The  general  features  of  the  assimilation  of  niU'ogen,  on  the  otbet^j 
bandf  and  its  subsequent  history  displayed  by   Clihfrdht  ffffrrnfmlom^^^ 
may  be  a  specialised  characteristic  of  this  plant,  having  reference  L^^ 
its  continual  occurrence,  in  nature,  in  waters  which  contain  a  comparm^ 
tively  large  amount  of  ammonia^    notably  in   sewage  and   sewage- 
polluted  waters.      It   is,   however,   impossible   to   express   a  definite 
opinion  upon  this  point  until  the  nitrogen  ae^imilation  of  a  nerie^  of 
many  other  plants  has  been  studied  in  a  similar  manner. 

DESCRIPTION    OF    PLATE    a 

Fig.  1. — Culture  on  nutrient  agar  (1  sndAth). 
^,    2.— Culture  on  i^liiooie  nurnent  agar  {I  month), 
„    3, — Cells  from  u  culture  on  nutrient  ngtt^T  of  10  wecik^^ 
„    4. — Oelh  from  .i  ctiUure  on  glueose  iiig^r  of  3  wo«k»t 
f,    §. — Gella  ^iTidingt  from  tv  t.-ultui'i*  on  nutrietit  «tgiir  tit  10  wiNoks, 
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*'  On  Lagenostoma  Lomaxi,  the  Seed  of  Lyginodendron^  By 
F.  W.  Oliver,  D.Sc,  F.L.S.,  and  D.  H.  Scott,  MA.,  Ph.D., 
F.R.S.     Eeceived  March  19,— Read  May  7,  1903. 

The  existence  in  Palaeozoic  times  of  a  group  of  plants  (the  Cycado- 
filices  of  Potoni^)  combining  certain  characters  of  Ferns  and  Gymno- 
sperms,  has  been  recognised  for  some  years  past  by  various  palseo- 
botanists.*  The  group  in  question  embraces  a  number  of  genera, 
among  which  Medullosa,  Heferangium,  Calamopitys  and  Lyginodendron 
may  be  mentioned ;  the  fern-like  foliage  of  these  plants  is  placed 
according  to  its  external  characters  in  the  form-genera  Alethopieris, 
Neumpteris,  SpJienopkris,  and  others. 

The  evidence  for  the  intermediate  position  of  the  Cycadofilices  is 
extremely  strong,  but  at  present  it  is  drawn  entirely  from  a  detailed 
comparison  of  their  vegetative  organs,  especially  as  regards  their 
anatomical  characters.  In  no  case,  as  yet,  is  the  fructification  of  any 
member  of  the  group  known  with  certainty ;  such  indications  as  have 
hitherto  been  detected  are  still  in  need  of  corroboration.  Thus,  the 
suggestion  has  been  made  that  the  large  seed,  Trigonocarpon  olmvforme, 
may  have  belonged  to  some  member  of  the  genus  Medullosa  ;t  and  in 
the  case  of  Lyginodendron  itself  there  is  fairly  strong  reason  to  believe 
that  one  form  of  fructification  (in  the  light  of  the  observations  to  be 
described  below,  presumably  the  male)  may  have  been  of  the  Calym- 
matotheai  type,|  a  type,  however,  of  which  the  organisation  is  not  yet 
fully  understood.  In  the  absence  of  satisfactory  data  as  to  the  fructi- 
fication, so  high  an  authority  as  M.  Zeiller  has  expressed  a  doubt 
whether  the  Cycadofilices  were,  after  all,  anything  more  than  a 
specialised  group  of  Ferns.§ 

A  re-examination  of  the  seeds,  placed  by  Williamson  in  his  genus 
Ijfigeno^omay  has  revealed  unexpected  points  of  agreement  between  the 
structure  of  the  envelopes  of  certain  of  these  seeds,  on  the  one  hand, 
and  that  of  the  vegetative  organs  of   Lyginodendron  on  the  other. 

Two  species   of    Lagenostoma  {L,    ovoides  and   L,   physoides)    were 

*  Williamson,  **  Organisation  of  the  Fossil  Plants  of  the  Coal-measures,  Part 
XIIT,"  'Phil.  Trans.,'  B,  vol.  178,  p.  299  :  1887  ;  Solms-Laubaeh,  '  Fossil  Botany/ 
1887,  Engl,  ed.,  pp.  141  and  163 ;  Williamson  and  Scott,  "  Further  Obserrations  on 
the  Organisation  .of  the  Fossil  Plants  of  the  Coal-measures,  Part  III,"  *  Phil. 
Trans.,'  B,  vol.  186,  p.  769,  1895  ;  Potoni^,  '  Lehrbuch  der  Pflanzenpal»ontologie/ 
p.  160,  1899;  Scott,  *  Studies  in  Fossil  Botany,'  pp.  807  and  514,  1900. 

t  Q-.  Wild,  "  On  Trigonocarpon  olivaformef^*  *  Manchester  Geol.  Soc.  Trans.,* 
vol.  26,  p.  434,  1900. 
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described  Ijy  Williamson  ;*  a  third  Bpecies,  tbe  subject  of  the  piMSeeal 
riote,  was  left  untie  scribed  by  hinij  though  in  his  M8.  trJitalogiic 
named  it,  after  its  diacovererj  Lageno^tmna  lAmHiM^  a  uame  which  we 
here  proviaionally  adopt.  This  seed  oeenrs  in  caleareous  noduleit 
the  lower  Coal-measures,  and  cbieflv  at  Diilesgatei  in  Lanenshire. 
In  general  structure  the  aeed  L,  Ltuna^i  agrees  with  L,  &mmes. 
It  is  an  ortbotropous  seed,  circtdar  in  transverse  section,  a 
brmidest  midway  between  base  and  apex.  The  height  of  the  aeod 
sligbtl)^  exceeds  the  diamet'Or,  and  in  general  form  it  may  l>e  com- 
par^d  with  a  Jaffa  orange.  Its  height  in  ftilhsized  specimens  is  ulumti 
5^  mm«,  the  diameter  at  the  equator  4|  mm.  Many  of  tho  spentUiHK 
that  have  i)asseci  through  our  hands  show  signs  of  having  bcscoma 
detached  through  the  agency  of  a  layer  of  separation  and  bear  a  low 
conical  papilla  centrally  placed  at  the  chalazal  end*  beneath  which  ihn 
actual  iayer  of  abscission  was  situjited. 

In  the  most  general  relations  of  it^  organisation  the  seed  approaches 
the  Gyranosperm  ty|>cin  that  the  integmnent  and  juiccllui  are  clistmct 
from  one  another  in  the  apical  region  only,  whilst  the  body  uf  tbii 
seed,  which  contains  the  large  single  macrospore  with  traces  of  pro- 
tJiallial  tissue,  shows  complete  fusion  of  tbe  integumonud  and  ntict^Iar 
tissues.  But  in  other  respects  the  seed  is  remarkable.  The  fr«e 
portion  of  the  n ocellus  which  stands  above  the  maeroflpore  is  c^onicj 


1903. J    On  Lagenostoma  Lomaxi,  the  Seed  of  Lyginodeiidron.     479 

and  actually  engage  with  broad  low  grooves  on  the  surface  of  the  wall 
of  the  pollen-chamber. 

The  vascular  system  of  the  seed  enters  as  a  single  supply-bundle  at 
the  chalazal  papilla,  and  branches,  a  little  below  the  base  of  the  macro- 
spore,  into  nine  radially-running  bundles.  Each  of  these  bundles 
passes,  without  further  branching,  to  the  apex  of  the  seed,  running 
outside  the  macrospore  and  a  little  distance  below  the  surface.  At 
the  canopy  the  bundles  enter  the  chambers  and  end  at  the  tips. 

Ldfjenosioma  Lomaxi  was  thus  a  seed  or  seed-like  structure,  detached 
as  a  whole  and  containing  pollen-grains  in  the  remarkable  cleft-like 
pollen-chamber ;  the  integument  in  its  free  part,  when  compared  with 
that  of  Williamson's  Lagemstoina  physoides,  suggests  a  number  of 
originally  free  arms  or  processes  that  have  become  laterally  fused  into 
a  complex,  chambered  organ. 

The  seed,  L,  Lonutxi,  is  in  some  cases  still  attached  to  its  pedicel  ;* 
the  great  peculiarity  of  this  seed,  as  compared  with  other  members  of 
the  genus,  is  that  when  young,  and  sometimes  even  at  maturity,  it  is 
found  enclosed  in  an  envelope  or  cupule,  springing  from  the  pedicel 
just  below  the  base  of  the  seed,  and  extending  above  the  micropyle — 
at  least  in  young  specimens.  The  cupule  appears  to  have  been  ribbed 
l>elow,  and  deeply  lobed  in  its  upper  part ;  in  form  it  may  be  roughly 
compared  to  the  husk  of  a  hazel-nut — of  course  on  a  very  small  scale. 

The  pedicel  and  cupule  bear  numerous  capitate  glands,  of  which 
some  are  practically  sessile,  others  shortly  stalked,  while  in  others 
again  the  sUilk  is  of  considerable  length.  The  head,  or  secreting 
portion  of  the  gland,  which  is  spherical  in  form,  is  almost  invariably 
empty,  only  the  multicellidar  wall  persisting.  The  tissue  of  the  stalk 
of  the  gland,  consisting  of  many  layei^s  of  cells,  is  preserved,  though 
in  a  somewhat  disorganised  state. 

These  cupular  glands  present  the  closest  agreement  in  size,  form, 
and  structure  with  the  glands  which  occur  on  the  vegetative  organs 
of  Lyginodendron  Oldlmmium^^  and  which  are  especially  abundant  on 
the  particular  form  of  that  plant  found  in  association  with  Lagenos- 
toma  Loniaxi,  Both  on  petiole  and  cupule  the  majority  of  the  glands 
are  short,  those  which  are  not  sessile  being  commonly  about  0*4  mm.  in 
height.  Long-stalked  glands,  exceeding  a  millimetre  in  height,  some- 
times occur  both  on  the  vegetative  organs  and  on  the  cupule.  The 
dimensions  of  the  head  of  the  gland  agree  exactly  on  cupule  and 
petiole,  the  diameter  averaging  about  0*2  mm.  in  each  case.  In  both 
the  stalk  is  usually  somewhat  narrower  than  the  head,  except  at  the 
base,  where  it  is  often  considerably  enlarged.     On  the  stem,  as  might 

*  Cf.  Williamson,  loc.  cit,  Ttttt  VIII,  fig.  68  (Z.  ovoides). 

+  It  lias  loDg  been  realised  that  tlio  iiauie  Lyginodendron  Oldkamluw  Ava^t^rfi- 
terises  a  tj^pe  rather  tliau  a  species.     It  is  probable  tViat  W\o  veTj  ^■soi^ivA.Mx  \.ox\2a. 
oocurring  at  Dulesgate  may  deserve  specific  rank. 
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be  L-xptHie^I,  the  glauds  uie  ursuuUy  aomewtat  larger  than  on  petiole 

tupule. 

As  a  rule,  the  stnieture  of  the  glanda  on  the  vegetative  organs  is 
I  well  prest^rvLMl,  the  ^e*Tt^tury  tissue  hi  the  head  being  perfect.  But 
locta^ioii?illy  the  veget^itive  ^landf?  are  found  in  the  same  atate  of 
Ipre.sei  vatiuii  as  thuae  on  the  t:upiile,  with  the  head  hoUow,  owing  to 
llift!ijipeu]'iHiKT  of  thv  seeretoi y  mass.  Where  wq  thus  have  the  two 
■organs  in  a  correspond iri^i;  ^^ijiieuf  preservation,  the  agreemont  between 
Ithe  \'cgetutive  gland.n  oi  Liftjitfftthndron  and  those  on  the  enpiile  of 
fLuffrufL-ifnufi}  LfhiiitA  iw  found  to  he  exact. 

There  is  no  other  l%nn>s  n  plant  from  the  Coal-mea-sures  with  glands 
lat  n\\  sinsilar  to  those  deseriliefl,  nor  is  it  likely  that  any  unknown 
I U  y  7  n  n  o;fi  pe  I '  T  n  should  so  e  x  a  c  1 1  y  re  h  em  hi  e  hi^tjhunh^mhon  i  n  these  chara  c- 
Iter.s.  Or]  the  groiunl,  then*  uf  the  glandular  structure  we  are  led  to 
Ithe  conelus^ion  Lhat  tlie  set^d  Ltujfni>simim  Ijomaxi  can  have  belonged  to 
Ino  other  plant  than  Lf/tpTiutifftfiftni  OUhnminm^  and  more  particularly  lo 
Itlie  glandular  form  of  that  tyjie  w  ith  which  the  seed  is  associated. 

The  ^^tate  ot  prci^crvalion  of  the  glands  and  of  the  cnpide  as  a 
|whak%  indicates  clearly  that  this  organ,  as  wo  find  it^  was  in  an  effete 
Icomlition,  h;tving,  no  doubt,  all  earl)''  discharged  itsftmctione  while  the 
Iseed  which  it  protect i*d  was  f^till  tjuitc  young. 

^sieni  of  the  t  utnile  was  well  doveloncd.  and 
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so-called  "fern-fronds"  of  the  Palffiobotanist  really  belonged  to  Spei^ 
mophyta.  It  is  at  present  impossible  to  say  at  what  stage  in  the 
evolution  of  the  Fern-Cycad  phylum,  the  great  change  in  reproductive 
methods  came,  whether  it  followed  in  the  wake  of  general  anatomical 
advance,  or  vice  versd.  The  discovery  of  further  evidence  as  to  the 
reproductive  processes  of  these  ancient  plants  may  be  expected  to 
yield  interesting  results. 

The  authors  are  much  indebted  to  Miss  Marie  Stopes  for  her 
valuable  aid  in  the  examination  of  the  numerous  sections  in  the 
Williamson  and  various  other  Collections. 

Mr.  James  Lomax  deserves  high  praise  for  his  good  judgment  and 
skill  in  collecting  and  preparing  the  material  for  the  investigation. 

A  full  account  of  the  fossils  dealt  with  in  the  present  note  is  in 
preparation,  and  will  shortly  be  submitted  to  the  Royal  Society. 


*'  On  the  Physiological  Action  of  the  Poison  of  the  Hydrophidse." 
By  Leonard  Rogers,  M.D.,  B.S.  (Lond.),  M.R.C.P..  F.R.C.S., 
lately  officiating  Professor  of  Pathology,  Medical  College, 
Calcutta.  Communicated  by  Major  A.  Alcock,  RRS.  Re- 
ceived March  31,— Read  May  7,  1903. 

It  has  long  been  known  that  the  great  group  of  the  Hydrophidae,  or 
Sea-snakes,  are  poisonous,  and  cases  of  death  produced  by  their  bites 
have  been  recorded,  for  example,  that  in  Sir  Joseph  Fayrei-'s  work  on 
the  Poisonous  Snakes  of  India,  of  the  ship's  captain  bitten  while 
Itathing  in  the  Bay  of  Bengal,  with  a  fatal  result.  The  fishermen  on 
this  coast  are  also  well  aware  of  the  danger  of  the  bites  of  these  reptiles, 
and  take  such  good  care  to  avoid  them,  that  deaths  among  them  are 
quite  uncommon  as  far  as  I  can  ascertain.  Deaths,  however,  not  very 
rarely  occur  among  those  employed  in  oyster  fisheries  in  shallow  water 
in  some  places  on  the  Madras  coast,  owing  to  snakes  being  trodden  on, 
so  that  a  study  of  the  nature  of  the  poison  of  this  class  of  snakes  has  a 
practical  as  well  as  a  scientific  side,  and,  as  far  as  I  can  gather  from  the 
literature  of  the  subject  obtainable  in  Calcutta,  it  has  not  yet  received 
much  attention.  During  the  last  year  I  have  been  investigating  the 
subject,  and  although  the  amount  of  poison  I  have  been  able  to  obtain 
has  been  very  small,  yet  it  has  sufficed  to  allow  of  certain  definite 
results  being  obtained,  which  will  be  summarised  in  the  following 
paper. 

Th€  Colledum  of  the  Poison. 

The   HydrophidaB  are  met  with  in  large  numbers  all  round  the 
coasts  of  the  Indian  peninsula,  and  have  been  s^iivaW^  ^\,\3L^<ftk^  ^j>5^ 
Puri  on  the  east  cosLat  in  Orrisa.    It  was  ati  tiiia  ^\«^^^  ^;Xi«^i  V  <^\i»xsft^ 
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mj  specimens  J  which  arc  caught  by  the  fisherinoii  in  thd  r  n  eta  diiritig 
the  calm  coki-wcjithcr  months  with  a  frequency  which  k  m  prcipor- 
tion  to  the  niim>>er  of  fish  taken-  By  Hmid\  jhHjmonte  they  wrro 
induced  to  bring  them  to  a  tank  which  I  had  conslnicte^l  ncfir  tha 
beach,  in  which  they  usually  only  lived  a  few  days,  although  Bomo 
Kurvivetl  several  weeks.  By  making  thorn  bite  on  a  watch-gl^ss 
covered  \nth  a  thin  layer  of  guttapercha  tissue  stretched  tightly  acros;* 
it,  they  eject  the  poison  into  the  glass  as  clear  drops  f rt*ti  frtHn  all 
saliva.  This  ie  then  dried  over  ciilciiun  chloride  or  strong  fiiilphunc 
acid,  and  can  then  be  kept  indefinitely  In  dry  well-corked  glass  tulies, 
without  losing  it^  potency;  The  snake  which  is  met  with  in  greatest 
abundance  in  Puri  is  the  EnhiftJnna  Benaalmm^  meaBuring  from  thrise 
to  five  feet  in  length,  and  it  has  a  thick  body  and  a  large  hemL  This 
species  also  furnishes  the  la  ingest  amount  of  poieorj,  and  from  this  alone 
have  I  yet  Ijoen  able  to  obtain  a  sufficient  quantity  to  allow  of  a  con* 
sidera!)le  number  of  experiments  being  performed  with  it*  That  of 
four  other  species,  belonging  to  three  different  genem,  has  also  bei*n 
obtained  in  small  quantities^  so  that  four  out  of  the  six  geiiera  t>f 
Indian  Hyilrophid^  have  now  been  examined,  and  will  be  daalt  with* 

j4j?pearanc^  and  Qu&nliiif  EjertfjL 
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impossible  to  get  any  further  poison  from  it,  even  if  it  bite  vigorously. 
Yet  if  made  to  bite  a  small  fish  immediately  after  ejecting  his  poison, 
the  bite  is  fatal  in  a  short  time,  showing  how  fatal  a  trace  of  it  is. 
The  largest  amount  of  poison  obtained  at  a  single  bite  was  0*023 
gramme.  The  other  species  mostly  gave  a  smaller  quantity  than  the 
Enhydrina. 

Effect  of  Heat  on  the  Poison, 

On  boiling  a  dilute  solution  of  the  poison,  it  becomes  slightly 
opalescent.  After  being  boiled  for  15  seconds,  two  minimal  lethal 
doses  were  recovered  from,  after  slight  symptoms  had  appeared,  but 
four  minimal  lethal  doses  proved  fatal  in  a  somewhat  longer  time  than 
with  uiiheated  poisons.  After  boiling  for  one  minute,  four  minimal 
lethal  doses  were  recovered  from  after  only  slight  symptoms.  Thus 
the  poison  is  readily  destroyed  by  boiling  for  a  short  time,  but  merely 
bringing  it  to  the  boiling  point  does  not  materially  affect  its  strength. 
Some  similar  experiments  with  Cobra  poison  show  that  the  latter  is 
slightly  more  resistent  to  heat  than  is  that  of  the  Enhydrina. 

Symptoms  Prodw^d  by  tJie  Poison, 

The  following  symptoms  are  common  to  all  the  species  yet  tested, 
no  differences  having  been  met  with,  except  with  regard  to  the  exact 
amount  of  the  minimal  lethal  doses  in  different  animals,  which  will  be 
dealt  with  presently.  Briefly,  the  symptoms  produced  by  the  poison 
of  the  Hydrophidffi  may  be  said  to  be  identical  with  those  caused  by 
cobra  venom,  with  one  very  important  exception,  namely,  that  the 
former  venom  has  no  appreciable  action  on  the  blood,  which  is  a 
marked  feature  of  cobra  toxin.  In  the  case  of  warm-blooded  animals, 
such  as  rabbits,  rats  or  birds,  the  symptoms  produced  by  sea-snake 
poisons  are  as  follows.  When  minimal  lethal,  or  slightly  supra- 
minimal  lethal  doses  are  given  subcutaneously,  there  is  always  a  long 
period  before  any  symptoms  of  poisoning  occur,  the  time  varying  in 
accordance  with  the  dose  from  half  an  hour  to  several  hours,  in  which 
respect  it  resembles  Cobra,  and  differs  markedly  from  Daboia  venom. 
If  large  doses  are  given,  the  symptoms  set  in  much  earlier,  and  in 
that  case  death  rapidly  results.  The  symptoms  are  best  studied  by 
the  use  of  small  doses,  when  the  first  thing  noticed  is  that  the  animal 
remains  quietly  in  one  position,  and  soon  begins  to  show  signs  of 
drowsiness,  closing  its  eyes  at  intervals.  Next  it  begins  to  nod  its 
head,  but  every  now  and  then  appears  to  wake  up  again  and  opens  its 
eyes.  In  the  case  of  birds — in  which  the  symptoms  can  be  best  seen — 
the  subject  of  the  experiment  next  sits  down  on  the  floor  of  the  cage, 
and  although  it  can  be  made  to  stand  up  if  disturb^,  ^eX»  \i\i^\^\&  w^^ 
evident  commenciiig  muscular  weakness,  and  it.  caiv  ov\^  n^^sXNs.  V\\J^  ^\v 
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unatead)"  gait*  By  thu  timo  this  stage  is  roacheii,  it  wWl  hv  Unwd  tli, 
the  ainmal  is  breathing  more  deeply  thtiii  nonmil,  while  tht^  mmiher 
refipimticjTis  is  also  increjised  to  a  vamUk>,  but  often  considomKle, 
degrt-e.  Fjtim  this  time  the  picture  is  one  of  j>rogn*S5ivp  paraijf 
affecting  all  the  miisclee  of  the  borly,  and  ending  with  r««piriilorv  eoi 
vidsions.  The  animal  nods  more  and  mofts  deeply,  until  the  nono  or 
beak  touch es  the  Hoor  of  the  eiigc,  onl)'  to  bo  raised  figrun  with  ii 
jerky  motion.  It  is  now  unable  to  at^uitl  npright,  and  the  i*yiisj  remsun 
elofiod.  The  reapirations  are  now  very  deep  and  laboured,  and  iti  eaae 
of  birds  J  the  beak  is  half  open,  and  gs^pintc  takes  place  irith  evar}^  in* 
gpiration,  while  the  head  is  more  and  more  lowered  until  i%»  vertex 
instead  of  the  beak  rests  on  the  floor,  and  the  animal  is  unabk*  fu  riii^ci 
ita  head.  Vtiry  soun  after  this  stage  of  paralysis  ts  rejiehed,  coiivtil- 
iions  set  in,  and  the  respirations  immodiatoly  fall  Tery  greatly  in 
frequency,  wliile  they  remain  deep  in  character,  although  less  regulart3* 
so  than  bef'a'e,  some  being  shallow,  ao  that  Chejne-BtokeB  bre^iihiiig 
is  somewhat  simulated.  The  coriyulsiona  rejur,  and  soon  rcspi  nation 
entirely  cci^ses,  but  the  heart  continues  beating  for  some  tlint^v 
usually  two  or  three  miiuites  in  the  case  of  warm-blood etl  atiimale^ 
after  the  breathing  has  entirely  ceased.  When  the  conviilfliojjist  cam- 
tnencc,  the  animal  rolls  over  on  its  side  in  a  state  of  nearly  eoin|>li3l# 
narftlvsis,     Everv  word  of  the  abo^e  dBserintion  of  the  nvmntomft 
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lasting  for  several  hours.  Sometimes  temporary  excitement  with 
rapid  motion  may  be  observed  for  a  short  time,  but  more  often  the 
picture  is  simply  one  of  slowly  progressing  paralysis.  In  most  kinds 
of  fish  this  is  also  very  well  shown  by  a  gradually  increasing  difficulty 
in  maintaining  the  upright  position,  the  fish  slowly  turning  over  on 
one  side  and  then  swimming  up  into  its  upright  position  again,  only 
to  slowly  sink  on  to  its  side  once  more.  The  respirations  will  now 
be  found  to  be  deeper  than  normal,  although  not  as  a  rule  quicker, 
l)Ut,  on  the  contrary,  they  steadily  slow  down  from  the  beginning  of 
the  symptoms  to  the  end  without  any  marked  increase  in  the  rate. 
This  paralysis  of  all  the  muscles  and  of  the  respirations  steadily 
progresses  until  convulsions  set  in,  to  be  immediately  followed  by  a 
very  rapid  failure  of  the  respirations  both  in  number  and  depth,  so 
that  they  become  diflftcult  to  detect,  and  death  soon  follows.  The 
heart  will  be  found  beating  some  time  after  the  breathing  has  ceased, 
and  no  extravasation  of  blood  or  other  noteworthy  change  is  found 
jmt  mortem.  Here  again  the  symptoms  are  precisely  similar  in 
poisoning  of  fish  by  Cobra  venom. 

The  Potency  of  the  Poison. 

By  working  out  the  smallest  fatal  doses  of  the  poison  per  kilogramme 
of  weight  in  different  animals,  and  comparing  them  with  those  obtained 
l>y  former  workers  for  other  snake  venoms,  we  shall  be  able  to  esti- 
mate the  potency  of  that  now  being  dealt  with.  This  has  been  done 
in  the  case  of  the  poison  of  the  Enhydrina  by  means  of  numerous 
experiments  carried  out  with  the  mixed  dried  venom  of  a  number  of 
these  snakes,  with  the  following  results.  At  the  same  time  com- 
parative experiments  were  also  carried  out  with  fresh  dried  Cobra 
venom  for  comparative  purposes.  White  rats  were  first  tested,  and 
0'07  milligramme  per  kilo  weight  was  found  to  prove  fatal,  but 
smaller  doses  were  sometimes  recovered  from.  In  the  case  of  Cobra 
poison  05  milligramme  per  kilo  was  necessary  to  produce  death, 
while  Lamb  in  Bombay  found  the  fatal  dose  of  this  poison  for  rats 
to  be  033  milligramme.  It  is  evident  then  that  the  poison  of  the 
P^nhydrina  is  several  times  as  potent  as  is  Cobra  venom  on  rats. 
In  the  case  of  rabbits  only  a  few  experiments  have  been  performed, 
but  0*04  milligramme  per  kilo  proved  fatal  in  under  four  hours  in 
one  case,  while  in  another  0*01  milligramme  per  kilo  produced  no 
symptoms  but  loss  of  appetite ;  but  on  giving  a  second  dose  of 
0*02  milligramme  per  kilo  five  days  later  (the  animal  having  fully 
recovered  from  the  first  dose  in  one  day),  death  resulted  in  a  few 
hours.  On  the  other  hand,  Elliot  found  the  minimal  lethal  do&<i 
of  Cobra  venom  for  rabbits  to  be  0*7  miUigttcuiTcvfe  '^t  V^c>  ^^\^'^> 
so  that  h  is  evident  that  these  animals  ate   t[i».tv\  \atw^^  ^^  «Naa.^«^- 
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fble  to  the  poison  of  Eiihydriua   as   to   that  of  Gobrai  the  forme 
oifion  being  some  twenty  times  as  fjotent  for  them  as  the  latter 

remarkable  difference. 

A  larger    numlier   of    experiments    have   !>een   carried    out    irithj 
lirrlsi  pigeons  and  fowls.     Tbt-Be  also  l>e4ir  out  the  foruiej*  oiit?.^  itt 
troviikg    the   far   greater   potejicy   of   the  poison  of  the  Enhydritia 
Ter  that  of  the  Cobra  or  other  poisonous  snake  yet  examined.     Iq^^ 
be  ca^e  of  pigeons   the  minimal  lethal  dose,  0*05  mOllgramnie  {M^r^^H 
dlogranime,  always  proves  fatal,  while  in  fowls  the  fatal  dose  is  O'Oi.  ~ 
['heeo  figures  mHy  be  compared  with  those  obtaiiie<l  liy  I>.  1**  Cuii* 
[ingham  in  his  numerous  experiments  with  Cobra  venom  on  fowls, 
or  which  he  found  the  minimiil  lethal  duse  to  be  0*5  miJU^rtiitmic 
►er  kilo,  m  that  the  poison  of  the  Enhydriria  for  birds  is  at  Icaat  ttui 
imes  as  potent  as  is  Cobra  venom,  which  goes  far  towards  neutratisiug 
he  effect  of  the  much  smaller  dose  of  poison  ejected  by  tha  Enhy* 
Irina  as  compared  with  the  Cobra.     Talking  the  minimal  lethal  dusc  of 
he  Enhydriua  for  warm-blooded  animals  as  0*05  milligramme  perkilo^ 
he   fatal  dose  for   an  average   man  of   70   kilograramoa   woidd    bd, 
Vh  milligrammes,  or  about  one-third  of  Eihe  averagS  amount  of  v«5tioi 
ijeeted  by  a  fresh  full-grown  sjjecimen  of  this^  by  far  the  most  et>in>' 
flonly  met  wuth^  kind  of  snake  in  the  Bay  of  Bengal,     There  i«  g^xxti 
^oundj  then,  for  the  belief  in  tlie  deadllness  of  the  Hydrophidse.  ,^| 
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kill  a  fish  as  is  sufl&cient  to  kill  a  warm-blooded  animal — a  very  marke<l 
difference.  On  testing  the  same  species  of  fish  with  the  poison  of  the 
Enhydrina,  it  was  found  that  0*5  milligramme  per  kilo  of  freshly  dis- 
solved poison  was  always  fatal,  and  Sometimes  a  smaller  dose  caused 
death.  Thus  the  dose  of  this  sea-snake  poison  required  to  kill  fish 
was  but  ten  times  as  much  as  the  minimal  fatal  dose  for  warm-blooded 
animals,  that  is,  considerably  less  than  we  found  to  be  the  case  ^vith 
Cobra  poison.  In  other  words,  the  poison  of  the  Enhydrina  is  much 
more  deadly  than  is  Cobra  venom  for  fish,  even  allowing  for  the 
greater  potency  of  the  former  for  warm-blooded  animals,  so  that  it 
appears  to  be  specially  adapted  for  the  needs  of  the  Sea-snake,  which 
lives  on  fish,  being  in  all  about  fifty  times  as  potent  for  fish  as  is  Cobra 
venom.  This  great  concentration  of  the  poison  may  be  of  considerable 
advantage  to  the  reptile  when  dealing  with  such  active  prey  as  fish  in 
their  own  element.  This  special  affinity  of  the  poison  for  fish  was  even 
more  marked  in  the  case  of  some  of  the  other  species  tested.  Thus, 
that  of  a  single  species  of  the  Disteira  cyanoctHcta  was  fatal  to  pigeons 
in  doses  of  0*5  milligramme  per  kilo,  being  thus  considerably  weaker 
than  that  of  the  Enhydrina,  but  only  1  milligramme  per  kilo  was 
required  to  kill  fish,  that  is  but  twice  as  much  as  was  needed  to  kill 
birds.  Similarly  with  the  Disteira  inperina  the  minimal  lethal  dose  for 
pigeons  was  0*5  milligramme,  and  for  fish  only  0*75,  or  but  very  little 
more.  Again,  the  poison  of  the  Uydrophis  carUoiis  for  lx)th  pigeons 
and  fish  was  just  the  same  as  the  last-mentioned  species.  Lastly,  the 
poison  of  the  Hydras  phtunis  killed  pigeons  in  doses  of  0'075  and  fish 
in  one  of  0*25  milligramme  per  kilo,  being  thus  very  deadly  for  both 
cold  and  warm  blooded  animals.  The  above  include  four  out  of 
the  six  genera  of  Hydrophidse  found  in  Indian  waters,  so  that, 
although  the  poison  obtained  from  the  last  four  species  was  from 
single  specimens,  and  therefore  cannot  be  taken  as  more  than  approxi- 
mately accurate,  yet  they  suffice  to  prove  that  the  Hydrophida)  as  a 
class  secrete  very  virulent  poisons,  which  are  specially  poisonous  to 
fish.  It  is  also  worthy  of  note  that  the  two  genera  which  proved  to 
be  most  deadly  to  warm-blooded  animals,  namely,  the  Enhydrina  and 
the  Uydiiis  platuriis,  are  just  the  two  which  the  fishermen  at  Puri 
said  were  the  most  dangerous  ones,  as  the  accuracy  of  their  statement 
points  to  actual  experience  in  the  human  subject  of  their  deadliness 
having  been  handed  down  among  them.  Some  of  the  smaller  species, 
however,  probably  do  not  eject  sufficient  poison  to  prove  fatal, 
to  adults  at  any  rate,  and  hence  are  not  so  much  dreaded  by  the 
fishermen.  It  \^all  also  be  observed  that  the  poison  of  the  Enhydrirui 
Bengalensis  is  the  most  potent  of  those  so  far  tested,  while  it  also  yields 
the  greatest  amoimt  of  poison,  with  the  exception,  perhaps,  of  the 
Disteira  cyanocincta. 
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Kljti  f  iff  thr-  Pviwft  tfH  I  if  her  Cold-blooded  AninuiU. 

1  h'wv  imt  y^t  l*L'en  liWc  to  Lciait  any  extensive  series  oE  other  cold- 
iMnrnIrd  3Lriim;ils  to  see  if  thuy  are  ecjtially  susceptible  to  the  poison  of 
Itlic^  I  iy dvop]ii(I;i*  as  iish  are,  Imt  in  one  instance  a  frog  weighing 
KIO  gi'fimnies*  uas  injei  ted  wkli  a  dose  of  0^2  miUigramme  per  kilo, 
\\\\\.\\  the  result  tluLt  it  allowed  wcil-raaiked  symptoms  of  paraly^sls,  but 
lovt'tiLiiaHy  rcc<»vricd,  sio  th>Lt  it  would  appear  to  have  lieen  about  iiS 
Isuactqjtilile  us  fi<h,  S(mie  hiirmkss  snakes  were  injected  with  not^c- 
1  worthy  re.suhj?.     Tha^^  two  J^petimcns  of  the  Coluber  fui^latiu^  were 

injLH'tod  with  doses  of  10  and  50  grammes  per  kilo  respectively,  with 
|thu  pipisim  of  the  i-^nhydrirui,  witfi  [u>  lU  iiflectj  and  the  former  received 
Ken  mil  I  lose  oi  50  niillitijriunnies  per  kilo  three  days  after  the  smaller 
Ido^e,  e*jually  without  eHect.  Here  we  have  a  harmless  colubrine  snake 
I  withstanding  100  times  the  fatal  dose  for  a  fish  and  1000  times  that 
I  for  a  w.inij'lilooded  animal.  Further,  two  specimens  of  the  harmless 
I  green  Whip-snake  {Ihi/ftphi^  mift'tniziui^s^  were  tested,  but  in  this  species 

1^5  tiiilhgrammes  per  kilo  in  one  instance,  and  lb  in  the  other,  each 
I J  J  r  o  d  u  ced  death  in   1  ess  tl  i  a  n  t  w  o  h  ours  ^  so  that  a  smaller  dose  w  oiild 

Tteai'ly  rcrtaiidy  have  been  fatal.  This  opens  up  a  large  question 
Iwhirh  niU-^t  await  furthei'  investii;ation. 
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but  without  the  addition  of  the  venom,  used  as  controls.  These  control 
solutions  showed  no  dissolution  of  the  red  corpuscles  after  twenty- 
four  hours.  From  5  to  10  cubic  centigrammes  of  blood  were  added 
to  from  i  to  1  c.c.  of  the  isotonic  solution  of  the  poison,  varying 
strengths  of  the  latter  being  tested  in  this  way.  Pigeon's  blood  is 
specially  well  suited  for  these  experiments,  as  the  bodies  of  the 
corpuscles  are  dissolved  while  the  nuclei  remain  visible.  It  was  found 
that  a  1-in-lOOO  solution  of  Cobra  venom  (1  milligramme  in  1  c.c.) 
produced  a  very  rapid  solution  of  the  red  corpuscles,  which  had  all  dis- 
appeared in  seven  minutes.  A  l-in-20,000  solution  took  a  much  longer 
time  to  produce  complete  dissolution,  namely  two  and  a  half  hours* 
In  the  case  of  human  blood  a  1-in-l 0,000  solution  of  cobra  venom  dis- 
solved the  whole  of  the  red  corpuscles  in  from  fifteen  to  thirty 
minutes,  while  one  of  a  strength  of  1  in  20,000  took  about  one  hour 
to  do  so.  A  1-in-l 00,000  solution  had  very  much  less  effect,  having 
produced  only  a  slight  diminution  in  the  number  of  the  red  corpuscles 
within  one  hour's  time.  The  white  corpuscles  were  not  dissolved  by 
the  venom  in  the  strengths  used. 

Let  us  now  compare  these  data  with  those  obtained  with  the 
poison  of  the  Enhydrina,  bearing  in  mind  the  much  greater  potency 
of  the  latter  as  compared  with  Cobra  venom.  The  poison  of  the 
Enhydrina  was  mixed  in  the  same  way  as  above  described  with 
the  blood  of  pigeons  and  with  human  blood,  in  strengths  of  1  in  1000^ 
with  the  result  that  at  the  end  of  one  or  two  hours  there  had  l)een 
no  appreciable  dissolution  of  the  red  corpuscles.  On  testing  again, 
several  hours  later,  slight  dissolution  was  found  to  have  taken 
place,  and  by  this  time  the  solution  also  showed  naked-eye  evi- 
dence of  commencing  haemolysis.  After  having  been  kept  at  room 
temperature  (from  70"  to  80°  F.)  for  twenty-four  hours  the  dis- 
solution appeared  to  be  complete,  but,  on  examination  with  the 
microscope,  a  few  red  corpuscles  were  still  found  to  be  undissolved^ 
showing  that  even  after  this  lapse  of  time  the  haemolytic  change  was 
not  quite  complete.  The  poison  of  the  Disteira  cyanocincfu  and  the 
Hydropins  cantoris  were  also  tested  in  the  same  way  with  precisely 
similai"  results,  namely,  that  a  strength  of  1  in  1000  had  no  appreciable- 
haemolytic  effect  at  the  end  of  one  hour,  but  caused  nearly  complete 
dissolution  at  the  end  of  the  course  of  twenty-four  hours.  This  is 
about  the  same  effect  as  is  brought  about  by  a  solution  of  Cobra  venom 
of  a  strength  of  1  in  100,000,  although  Cobra  venom  has  a  potency  of 
only  one-tenth  that  of  the  poison  of  the  Enhydrina.  Thus  we  find 
that  in  proportion  to  its  potency  the  poison  of  the  Cobra  has  about 
1000  times  as  great  a  haemolytic  effect  on  the  red  corpuscles  of  warm- 
blooded animals  as  has  that  of  the  Enhydrina.  We  have  alread'^  ^fc'stv 
that  the  latter  poison  produces  no  blood-stained  e%\moi[v  ^X.  xXi^  «^^»  ^^ 
the  JDJection  of  a  fatal  dose,  evidently  on  accouxvt  oi  ^iii^  «X*x«tv^JX»  xisft^ 
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mving  no  IiaMiialylic  action,  for  the  salntituis  employed  Ujv  tho  tninll 
pTUImhIs  ex]>eriuientecl  on  were  1  in  1 0^000  or  baa.  If  we  work  ipiii 
be  amount  of  poison  required  to  dissolve  a  certain  amount  of  Lnel 
Ai>iii\  of  a  pigeon,  for  example,  we  fintl  Unit  it  takes  nbout  200  timed 
I  fatid  dose  to  dissolve  l/2000tli  part  of  the  bird  a  blood  in  twenty-  , 
our  hours,  calculating  this  fluid  to  b©  one-thirteenth  of  ita  body 
retght.  It  is  obvious,  then,  that  ordinary  ffttd  doses  of  the  poison  of  i 
he  Hydrophida^  can  h?ive  no  appreciable  ha^molytic  eiiect*  and  that 
leath  cannot  be  attributed,  even  in  t\  partial  degree^  to  its  action  cm 
he  blood  of  the  animal  killed  f^y  it,  Tliis  can  also  be  demaiiatrntod 
^y  another  method  of  experiment,  namely,  by  counting  the  number  of 
he  red  cocpuseles  before  the  administration  of  the  faUil  doai?  of 
he  poison,  and  again  immediately  after  death*  This  I  have  done 
Qveial  times,  with  the  restdt  of  Bhowing  that  no  di^olution  of  the  r^d. 
orpUBclea  resulted  from  the  action  of  a  lethal  dose  of  the  Enhydrinii 
foison,  For  example,  a  fowl's  lilood  was  counted,  and  3,190,000  red 
orpiiscles  per  cubic  millimetre  were  found*  A  lethal  dose  of  Enhy- 
Irina  ]ioJKori  was  then  injected  subeutaneoiiHly,  which  proved  fatal  in 
List  one  hour,  when  the  blood  connt  showed  3420,000  red  corpuscles 
H  the  same  t|UHntity  of  blood. 

Next  we  have  to  deal  with  the  action  of  the  poison  on  tho  eoagitl-  ^j 
bilitv  of  the  blood*     In  the  case  of  Cobra  venom  marked  chan^n^  ar»i  ^1 
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destroyed  the  clotting  power,  and  this,  too,  it  must  be  remembered, 
in  spite  of  the  Enhydrina  poison  being  ten  times  as  powerful  as  that 
of  the  Cobra.  It  is  evident,  therefore,  that  the  poison  of  the  Enhy- 
drina has  no  appreciable  effect  in  ordinary  dilute  minimal  lethal  doses 
on  the  coagulability  of  the  blood,  while,  as  a  matter  of  fact,  we  have 
already  seen  that  such  doses  do  not  produce  any  loss  of  the  clotting 
power  of  the  blood.  This  was  also  the  case  when  fifty  times  a 
minimal  lethal  dose  of  the  venom  was  injected  into  the  vessels  of 
rabbits  with  the  result  of  causing  death  in  about  six  minutes. 

The  above  experiments  show  that  the  poison  of  the  Hydrophidse 
has  no  appreciable  action  on  the  blood  of  animals,  which  can  in  any 
way  account  for  the  symptoms  and  fatality  caused  by  it,  yet  it  kills 
with  precisely  the  same  symptoms  as  are  produced  by  Cobra  venom, 
and,  as  we  shall  see  presently,  there  are  good  reasons  for  believing 
that  it  has  a  special  action  on  the  nervous  system.  It  will  be  evident  at 
once  that  this  furnishes  a  very  strong  argument  in  favour  of  the  view 
that  Cobra  venom  also  kills  through  the  nervous  system,  as  held  by 
Lauder  Brunton  and  Fayier,  and  not  through  the  blood,  as  maintained 
by  Cimningham.  It  is  also  of  special  interest  to  observe  that  although 
the  action  of  the  poison  of  the  Hydrophidse  on  the  blood  is  practically 
a  negligible  quantity  in  its  lethal  effects,  yet  it  still  persists  to  a  slight, 
but  easily  demonstrable,  degree ;  for  if  it  so  persists  in  the  Sea-snake, 
it  may  also  persist  in  a  still  greater  degree  in  the  case  of  the  Cobra 
without  being  a  very  active  agent  in  the  lethal  effects  produced  by 
that  poison,  which  kills  through  the  nervous  system  as  does  that  of 
the  Hydrophidae.  In  this  connection  it  is  interesting  to  observe  that  all 
through  the  poisonous  snakes  we  find  evidence  of  an  action  on  the  blood 
and  on  the  nervous  system  in  different  degrees.  Thus,  beginning  with 
the  Viperine  snakes,  we  first  have  the  Vipera  liussellii,  which  appears 
to  be  the  purest  blood  poison  of  the  known  venomous  snakes,  killing  by 
producing  intravascular  clotting  in  large  doses,  and  the  opposite  effect 
of  total  loss  of  coagulability  in  repeated  sub-minimal  lethal  ones.  Then 
we  come  to  the  class  of  Pit-vipers,  of  which  the  rattlesnake  of  America 
has  been  most  closely  investigated  by  Weir  Mitchell  and  Reichert. 
They  also  found  a  very  marked  effect  on  the  blood,  apparently 
similar  to  that  produced  by  the  Daboia,  but,  combined  with  this,  we 
have  a  marked  paralytic  effect  on  the  nervous  system,  and  especially 
on  the  respiratory  centre,  for  the  authors  mentioned  conclude  that 
although  death  may  occur  through  the  effect  on  the  blood,  yet  they  add 
"  There  can  be  no  question,  however,  that  the  respiratory  centres  are 
the  parts  of  the  nervous  systems  most  vulnerable  to  the  poison,  and 
that  death  is  commonly  due  to  their  paralysis."  Leaving  the  Viperine 
snakes  and  passing  on  to  the  poisonous  Colubrines,  we  fir&t  ^^xs^^b  \.<^ 
the  Australian  species,  so  ably  studied  \>y  C  3.  "^i^^Xiw^  x^a.\s\.^'^^ 
the  Faeudechis,  and  we  find  again  a  combinatioiv  ol  xXie^  V«o  ^^«i^x»"^  "^"^ 
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I'^iK.li  -i   marked  degruQ  that,  \\\\qi\  the  venom  is  administered  iiitnt- 
Iveijinisly,  fleuth  re?>iilts  frmn  iiitravasciihtr  clotting,  as  in  the  Viperine 
sTifikes,  while  if  minimal  leth;il  doses  are  given  siibciitaneoiisly  death 
liusuhs  throuLch  purjdyj^ii*  of  tht.'  i  espiratory  centres.     Xext  we  come  to 
|thu  Cohni,  another  Uolubrira-   ^lutko,    and   here   we   find   the   nerve 
symptoniis  qnitc  predominate,  although  6ome   considerable  effect   on 
It  he  hlood  in  the  form  of  reduction  of  coagul  Nihility  aud  dissolution  oi 
Ithe  rod  corpnscles  siill  fcsinvives,  ;d though  it  now  takes  quite  a  second- 
luy  poisition  to  the  et!eet  on  the  riervans  system.     Lastly ,  we  have  the 
lilydrojihidat?,   which,  morpholoi;ically  considered,  are  hut   colulmne^ 
Iniixlilied  for  an  aquatic  existed ice^  and  here  wc  find  a  practically  pure 
InervonB  poisf>i],  although  theiL  ^till  persists  a  trace  o!  action  on  the 
llphiod  if  .strong  B^jhttioo:^  of  the  venom  aro  employed,  although  it  can 
piave    IK  I   actively  poisoinms   e  licet.     The  very   alight   action    fouiicl, 
mow  ever,  may  lie  of  wonic  vahie  to  the  snake  in  the  follo^^ing  wav- 
IvVe  have  seen  that  a  i-iii-200  solution  of  the  Enhydrina  poison  has  a 
l^H^ht  retartiing  i.^1i'ect  on  the  slotting  power  of  the  l>lood,  which  would 
lluii^iless  he  nioie  marked  in  f^till  more  concentrated  solutions,  so  that 
tt  i:s  hii^hly  pro)»alile  that  the   pme  poison  would  have  the  effect  of 
I  ire  venting  the  eloltinjc;  of  the  lilood  at  the  iK>int  of  injection  ol   the 
sun.  and  t?o  alhiw  oi  its  luorti  leady  al>sorption  into  the  circtilatoiy 
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the  cessation  of  the  heart's  beat.  The  effect  on  the  respiration  was 
simply  a  uniformly  steady  slowing  clown  until  convulsions  set  in, 
when  the  breathing  finally  ceased  at  once.  For  example,  in  a  rabbit 
which  had  received  a  dose  of  1  milligramme  per  kilo,  directly  into  the 
carotid  artery  (the  artery  being  clamped  immediately  afterwards  to 
prevent  haemorrhage),  the  respirations  were  60  per  minute  imme- 
diately before  the  injection  of  the  poison.  During  the  four  minutes 
immediately  following  the  injection,  the  number  of  respirations  were  as 
follows : — first  minute,  56 ;  second  minute,  51 ;  third  minute,  42,  and 
the  fourth  minute  33.  In  the  first  quarter  of  the  5th  minute  they  were 
8,  at  which  point  convulsions  set  in  and  the  breathing  stopped.  The 
respirations  were  written  down  every  quarter  of  a  minute,  and  the 
figures  for  the  separate  quarters  show  an  equally  steady  diminution  of 
the  number  of  respirations  as  the  minute  periods  just  given.  In  the 
same  experiment  the  pulse  showed  the  following  changes.  Before  the 
injection  it  was  105  per  minute.  During  the  second  half  of  the  first 
minute  after  the  injection  it  was  47  (that  of  the  first  half  minute  was 
lost),  during  the  second  minute  it  was  106,  showing  no  alteration  up 
to  this  time.  During  the  third  minute  it  fell  to  99,  and  diu*ing  the 
fourth  it  further  fell  to  48,  that  for  its  first  half  having  been  32, 
and  for  the  second  half  16.  During  this  steady  fall  in  the  pulse  rate, 
its  volume  and  force  became  increased.  During  the  fourth  minute,  as 
already  mentioned,  convulsions  set  in,  and  the  pulse  was  lost  for  about 
a  minute,  only  the  first  and  third  quarters  of  the  fifth  minute  having 
Ijeen  recorded  as  8  and  11  beats  respectively.  During  the  last  three 
quarters  of  the  sixth  minute  the  beats  were  15, 15  and  17  respectively, 
being  now  very  feeble  instead  of  unusually  full,  as  before  the  cessation 
of  respiration  and  onset  of  convulsions.  During  the  first  and  second 
quarters  of  the  seventh  minute,  the  beats  were  26  and  20  respectively, 
at  which  point  the  heart  finally  ceased  to  beat,  that  is,  three  and  a  half 
minutes  after  the  cessation  of  the  breathing.  Very  similar  results  have 
been  obtained  in  another  experiment,  in  which  the  same  dose  was  injected 
into  the  jugular  vein,  a  steady  fall  in  the  respirations  first  occurring, 
and  they  ceased  with  the  onset  of  convulsions,  while  an  equally  steady 
fall  in  the  pulse  rate  occurred  later  than  that  of  the  respirations, 
accompanied  with  an  increased  volume  of  the  artery,  the  tension 
rapidly  falling  when  the  respiratory  convulsions  set  in,  but  the  pulse 
at  the  same  time  became  more  rapid  again  until  it  finally  declined 
once  more  and  then  ceased.  These  experiments  appear  to  show  that 
the  primary  effect  of  the  poison  is  a  paralysing  action  on  the  respira- 
tory centre,  and  that  the  cardiac  failure  is  secondary  to  that  of  the 
respirations.  The  exact  explanation  of  the  slowing  of  the  pulse  with 
increased  volume  of  the  artery,  I  am  not  prepared  to  say  ^\tWoX  n}^^ 
aid  of  pressure  tracings,  which  I  have  not  yet  "Vieexv  «AA^  X»o  \»>5A. 
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Tht'  Jjfnuhj  fij  flit:  Xf  timtii  Sifstan  for  //k?  Pi/ison, 

We  hiu  c  seen  that  the  poifion  of  the  Etihydriiia  is  much  more  potent 
Ith.xn  even  thjil  of  Ct>lmi,  Mml  it  appeiirs  to  l>e  somewhere  intermediate 
in   virulence  IjetWLiou  Cohni  find  tetana*?  toxins.     Further,  we  kuow 
I  that  thc^  ro|>eatod  injection  of  ^naiinally  iiicreiaaiiig  doses  of  the  latter 
two  poisonii  into  Kusueptihle  animiEls  leiwls  to  the  formation  of  an  anti- 
toxin in  the  isystciii.     This  marked  similarity  of  the  nerve  poisotis  of 
the  ColnlH'iiie  Snakes  ami  tetanuB  toxin  leads  one  to  inqiiii*e  whether 
thcj?c  snake  icnoms  do  Jiot  exeil  their  noxious  influences  in  the  same 
nvay  that  tet^mus  toxin  does,  namely,  by  being  taken  tip  from  the  eir- 
Litlation  and  fixed  in  tlie  m^ive  i;ells  until  a  sufficient  doae  haa  been 
absoi'bo<l  to  paialytse  the  nervous  matter.     We  know  from  the  experi- 
|ruent>j  of  Washerman n  thai   small  amounts  of  tetanus  toxin   caii^  be 
IthiH  fixeil  by  frc&ih  nerve  matter  in  a  test-tul>e,  and  so  rendered  inert 
I  when  subse<|Ucjitly  injected  into  a  HUsceptible  animal.     It  seemed  to 
I  be  worth  while  to  rcpe^it  these  experiments  with  the  poiaon  of  the 
iHnhydrina,  and  altfiou^h  I  havt:  not  hat]  time  to  Ciirry  out  asutiicieiitly 
JL-xhanstivc  Jiericsi  of  experiment s  to  settle  this  point,  yet  the  following 
I  data  appear  to  me  to  have  some  value  as  being  highly  suggestive  of  the 
of  action  of  tlieae  nerve-paralysing  suake  venoms. 
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ments,  then,  point  to  the  action  of  the  toxins  of  the  Enhydrina  being 
very  similar  in  nature  to  that  produced  by  the  tetanus  bacillus.  A  few 
experiments  were  also  done  with  Cobra  poison  in  the  same  way,  using 
the  cerebnmi  only,  but  here  the  results  were  not  so  marked  as  in  the 
case  of  the  Enhydrina  poison,  only  a  retardation  of  the  onset  of  symp- 
toms and  of  death  having  been  observed. 


Aiititoxim. 

Lastly,  we  have  to  deal  with  the  question  of  the  possibility  of  ob- 
taining an  antitoxin  against  the  poison  of  the  Hydrophidse.  It  has 
now  been  abimdantly  proved  that  Calmette's  antivenin  is  not  a  specific 
against  all  kinds  of  snake  venom,  as  he  claimed,  although  in  large  doses 
(40  c.c.  according  to  Lamb)  it  is  undoubtedly  of  great  value  against 
the  poison  of  the  Cobra.  The  very  marked  similarity  of  the  symptoms 
of  poisoning  by  the  Hydrophidae  with  that  produced  by  Cobra,  lead 
one  to  hope  that  the  antitoxin,  which  is  efficient  against  the  latter, 
would  also  be  of  value  against  Sea-snake  venom.  This  has  been  put 
to  the  test  by  adding  minimal  and  slightly  supraminimal  lethal  doses 
of  the  poison  of  the  Enhydrina  to  one  half  c.c.  of  fresh  Calmette's 
antivenin  (which  had  only  reached  Calcutta  a  very  short  time  before  it 
was  used),  and  after  allowing  the  mixture  to  stand  at  blood  heat  for 
half  an  hour,  injecting  the  whole  subcutaneously.  White  rats  were 
used  in  the  experiments,  and  the  amount  of  antivenin  in  proportion  to 
the  amount  of  poison  was  relatively  enormous  as  compared  with  the 
dose  recommended  in  the  treatment  of  men  bitten  by  venomous  snakes. 
Yet  the  animals  uniformly  died  in  just  about  the  same  time  as  the 
controls,  so  that  it  is  evident  that  Calmette's  serum  is  of  no  use  against 
the  poison  of  the  Hydrophid®. 

On  the  other  hand,  the  similarity  in  the  action  of  this  poison  to  the 
Cobra  and  tetanus  toxins  leads  one  to  expect  that  an  antidote  could  be 
prepared  against  it  in  a  similar  way  to  those  of  the  latter  poisons.  It 
is  only  during  three  months  that  I  have  been  able  to  experiment  on 
this  point,  fowls  being  used.  It  soon  appeared  that  the  doses  had  to 
J>e  very  slowly  increased,  or  fatalities  occurred,  and  in  the  limited  time 
these  experiments  lasted,  I  was  only  able  to  immunise  one  fowl  against 
the  minimal  lethal  dose  of  this  poison,  and  a  slightly  larger  dose  proved 
fatal  with  the  usual  symptoms.  My  intention  was  to  immunise  a 
series  of  animals  against  the  Enhydrina  poison,  and  then  to  test  them 
with  small  doses  of  poisons  from  the  other  Hjdrophida?,  as  owing  to 
ithe  large  variety  of  this  class  of  snakes,  no  antidote  would  be  of  any 
practical  value  unless  it  was  equally  potent  against  all  the  genera  and 
species,  or  at  least  against  the  ones  most  commonly  met  mtV^.  T^kss^ 
important  and  interesting  question  must  await  IvxrXJcver  \\\\^%^A%^^ASi\v. 

One  experiment,  which  was  carried  out  in  ordfti:  to  teaX*  Si  >i>cvft  ^«r«ssL 

•i  >;.  "1 
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uv  bile  of  thu  Knhjdriita  ht&ci  utiy  aniuluuil  j^'opertie^  ilodtirv^  manLici 
lit  this  connection.  Tiret?  pupijicy  of  the  H^itue  liu^^r  were  OH'tl, 
vi'vy  miit;li  of  tlie  siime  sizu.  Each  rurdvod  ho  oi|ual  i|iirtntitT 
Kjihyflriiui  fXJison,  hnt  in  the  first  thi^  wa«  raixud  with  a  four  minir 
of  tlio  aerum  of  the  Eiihydrinu  ;  in  the  sec  one  I  it  was  mixed  \\  ith  ii*iii 
niininis  of  the  1*i1e  of  the  snine  snake  ;  *intl  the  third  reeei%*ed  the  poison 
Bolutioji  fmly  a.s  a  control.  The  mixturtsa  wem  injected  ten  niinutc^ 
after  heing  made.  The  res\i[t  w^^s  thut  all  throo  animals  died  in  ib 
little  over  an  hour,  the  contT'ol  giirTiving  slightly  lonj^ur  thiin  tliG 
others.  It  appciars^  then,  that  neither  the  Berum  nor  thf*  liiltt  <»l  tht^H 
isnake  hf^s  any  untidoUil  pn»pcrties  against  the  poisan,  and  Ciui  tici^^l 
therefore,  bo  ntilked  in  tht^  treatment  of  their  hit-cs.  Further  re- 
search will  be  necessary  to  (Icicnnine  if  a  practically  efKclerit  iintidc 
can  l»e  prepared*  which  I  hope  to  nndcrtake  when  sufficient  vi^nc 
for  the  pnqiose  tan  lie  ol>taiiio(b 

This  conchides  the  most  important  experiments  f*o  fai'  citrmd  out 
by  me  with  the  poison  of  the  Hydrophida\     They  have  iieee^^sarily 
hmn  strictly  limited  by  the  very  small  amount  of  |>oiijon  which  1  li»i 
yet  been  able  to  obtain,  and  ]»y  the  0([tiipment  of  the  lalioratory 
my  dispfijsiil,  for  ihc  use  of  which  I  am  iudobted  to  the  kind  ^lermissioi 
of  the  Committee  of  the  Zoological  GaMcnn  of  Calcutta,     i   atQ  al^Qr' 


nil 
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"  Experiuients  in  Hybridisatiou,  with   Special   Keference  to  the 
Effect  of  Conditions  on  Dominance."   ByL.  DoNCASTER,  RA., 
King's  College,   Cambridge.      Communicated  by  Dr.  S.  F 
Hakmer,  F.RS.     Received  March  19,— Bead  May  7. 1903. 

(Abstract.) 

The  paper  describes  cxperimeuts  made  at  Naples  mth  hybrid 
I'khinoid  larvas.  The  object  of  the  experiments  was  to  determine 
whether  the  dominance  of  a  character  is  influenced  by  the  condition 
of  the  genital  cells  at  the  time  of  fertilisation.  It  had  been  suggested 
by  Vernon*  that  the  "prepotency"  of  the  sexual  cells  varies  with 
their  niatiunty,  and  expenments  were  made  to  test  this  conclusion, 
and  also  to  discover  whether  "  prepotency  "  could  be  influenced  by 
other  conditions  acting  on  the  eggs  or  spermatozoa  before  fertili- 
.sation. 

It  was  found  that  adverse  conditions  acting  on  the  eggs  did  give 
vise  to  difterences  in  the  larvae,  but  evidence  is  given  to  show  that 
these  diflerences  are  not  due  to  a  change  in  the  dominance  of  charact^i's, 
but  are  the  result  of  differences  in  the  vigour  of  the  larvae.  It  is  also 
shown  that  the  seasonal  changes  observed  by  Vernon  are  probably  due 
chiefly,  if  not  entirely,  to  difterences  of  temperature,  and  are  not 
caused  by  a  change  of  dominance  iiccompanying  difference  of  maturity. 

It  is  also  shown  that  if  an  individual,  A,  shows  greater  dominance 
than  B  when  each  is  crossed  with  a  specimen  X  of  the  other  sex,  then 
A  will  also  show  greater  dominance  than  B  when  Ijoth  are  crossed  with 
a  specimen  Y. 

It  is  shown  that  the  different  characters  of  one  pirent  are  inherited 
separately  by  the  hybrid  ofl^spring,  so  that  there  is  no  pronounced 
correlation  in  the  off*spring  between  characters  derived  from  the  siirae 
piirent.  Further,  a  given  character  may  appear  in  very  different 
degrees  on  the  two  sides  of  the  l)ody  of  a  hybrid  larva,  so  that  the 
hyl)rids  are  very  frequently  as}Tnmetrical,  although  in  the  characters 
considered  the  two  sides  of  the  pure-bred  larvae  are  similar. 

Experiments  are  described  dealing  with  the  causes  which  hinder 
cross-fertilisation  between  separate  species,  and  it  is  shown  that  treat- 
ment of  the  eggs  which  tends  to  reduce  their  vitality  usually  renders 
their  feitilisation  by  sperm  of  another  sj^HJcics  more  easy. 

«  *Phil.  Trnnj«.,'B,  1898. 
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^'PreUmiiiary  Note  on  tbe  Iliscovery  oi'  n  Pigiay  Elf*[jhaBt  in  th*» 
PleisU>cene  of  CjT)ruB.'*  liy  DoitoTitv  M,  A,  ISatk,  Comiiui- 
nicated  by  Hexry  Woodward,  LLIX,  Fiia,  F.as,,  VJ\Z.S,, 
latu  KeejM?!  of  Geology,  Britieli  Muaemji,  Natural  Hi»tory, 
Keceived  April  2S,— Read  May  7.  l&0;i 

M'hile  still  in  Cypnie  the  receipt  of  u  gmnt  from  iho  UoyaS 
Boeiety  jji  April,  1902,  cuaMed  me  to  devote  a  con«i<1emble  amcmnt 

of  time  not  o!ily  to  niaking  more  extensive  excfivatiriim  in  aonic  of 
the  caves  previously  found,  but  also  to  a  search  for  fnrthtr  ciivt* 
deposits.  I  confined  my  attention  chiefly  to  the  Keryiiia  raugt*  trf 
iimestone  hills  in  the  north  of  the  island  in  the  hope  of  finding  bona 
ca^es  containing  other  remains  than  those  of  the  pigmy  Hip^ttj^mfaniH^ 
of  which  Dr.  Foi'syth  Major  has  already  given  m  short  (iej4eri|Jtton* 
from  specimens  discovered  by  niyaelf. 

In  this  search  I  was  at  length  successful,  althongh  it  was  not  ttnti! 
a  certain  amount  of  tentative  digging  had  T»een  carrie<l  on  in  fmir  oai 
of  five  newly  discovered  deposits  that  wrjrk  was  started  on  what 
appeared  at  first  to  l>e  the  most  uiipromi«ing  lof^king  place  which  hail 
l)eeu  found,  and  was  consequently  the  last  to  receit^e  atteiition. 
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dwarf  species  from  the  Pleistocene  deposits  of  the  caves  and  fissures  of 

Malta  and  Sicily.     It  was  thought  probable  that  they  would  difter 

from  these ;  the  fact  of  the  pigmy  hippopotamus  of  Cyprus  being 

distinct  from  those  foimd  in  the  other  large  Mediterranean  islands, 

lending  coloiu*  to  the  supposition ;  this  expectation  was  fulfilled,  for 

the  Cyprus  fossils  do  not  appear  to  be  identical  with  any  of  the 

Maltese  species,  though  they  seem  to  come  nearest  to  Elephaa  melitensU 

both  in  size  and  in  the  number  of  plates  in  the  molars.     The  number 

of  these  plates  in  any  particular  tooth  is  liable  to  vary  to  a  certain 

extent,  but  on  taking  the  average,  as  far  as  this  can  be  judged  from  the 

amount  of  material  available,  the  resulting  ridge  formula,  exclusive 

5  7—8  8  9  1*'^ 
of  talons,  is  H-  g  yIa  8  9  li  ^^^^^  practically  agrees  with  that  of  E, 

rnelitenm  given  by  Dr.  Falconer.* 

The  teeth  of  the  Cypriote  elephant  are  considerably  smaller  than 
those  of  E,  mruiulrieTisiSf  from  both  Sicily  and  Malta,  this  being  the 
largest  species  from  the  last-named  island.  They  also  diflfer  some- 
what in  their  ridge  formula,  which  is  that  mentioned  above,  while 

Dr.  Leith  Adamst  gives  that  of  E,  mnaidriensis  as  o  g  o^q  cIq  Ta 

12-13 

12-13* 

The  Cyprus  form  seems  to  have  been  also  slightly  inferior  in  size 
to  E,  meliteTisiSf  for  its  largest  upper  and  lower  molars  do  not  equal, 
either  in  length  or  breadth,  some  of  the  specimens  of  the  correspond- 
ing teeth  of  this  Maltese  species  which  are  in  the  collection  of  the 
British  Museimi.  Its  tusks  differ  from  all  those  from  Malta  in  being 
compressed  laterally,  which  character  is  especially  noticeable  in  those 
of  the  female  and  young ;  further,  they  appear  to  be  more  strongly 
curved  than  those  of  E,  mdittnsis. 

As  a  general  feature  it  may  be  said  that  the  molars  from  Cypnis 
are,  on  the  whole,  more  simply  constructed  than  those  of  E,  meWemds, 
They  show  a  still  slighter  tendency  to  "crimping"  in  the  bands  of 
enamel,  and  are  less  inclined  to  develop  the  mesial  expansion  of  the 
plates  of  dentine  which  is  not  uncommonly  found  in  the  teeth  of 
E.  meliteiisis,  and  is  so  conspicuous  in  those  of  E,  Afiicnnns, 

It  is  well  known  that  when  the  plates  of  an  elephant's  tooth  first 
come  into  use,  the  edging  of  enamel  is  in  the  form  of  a  series  of  rings 
owing  to  the  digitation  of  the  plates.  These  are  later  worn  into  a 
single  band  surrounding  the  enclosed  area  of  dentine. 

In  the  Maltese  specimens  it  is  not  uncommon  to  find  the  encircling 
enamel  persisting  thus  divided  for  a  considerable  time.  Even  four 
or  five  ridges  may  remain  in  this  condition  at  one  time  in  a  single 

•  *  Tal.  Mem./  t(.1.  2,  p.  298.     London,  1868. 
t  '  Zool.  Soc.  Trau».;  vol.  9,  1871,  p.  J 12. 
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tootb,  with  iwrhnps  an  anteriorly  docreasiog  numl^or  of  rings*     THi 
m  well  shown  in  a.  tooth,  tjow  in  the  British  Mu«ouni  citl  lection,  dotiljt^ 
Mly  ascribed  l>y  Mr.  Busk*  to  the  first  upper  truts  inohir  of  E.  Fnla/mrri, 
This  is  not  so  much  the  case  m  the  C^^pnis  specimeua,  in  which  tin 
hands  of  emimel  only  retmun  thus  sgpamted  into  ^0%'cnil  f^nniiJi  for 
vory  short  while  after  the  phito  comes  into  wear. 

The*  molars  vary  considerabl}',  some  specimens  hii\ing  vary  hvtm 
orawtis  while  others  are  somewhat  narrows     The  Imnds  of  eemetit  *inj 
wide,  in  perhapB  the  majority  of  cages  almost,  or  quite,  ernitilling  iti 
width  the  plates  of  dentine ;  thi?^  seemis  to  be  the  exception  ancl  iioi 
the  nile  in  the  molari^  of  E.  meVdmm. 

Taking  into  consideration  the  several  characters  in  which  the  ttictl 
of  the  Cyprus  elephant  difter  from  those  of  all  the  hitherto  descril 
flwarf  species  (putting  on  one  sitlo  !L  InmnrmonT^  from  the  Plei°tooai 
of  Sardiiiia,  the  teeth  of  which  are  unknown  to  science)  as  well 
the  distinct  habitat  *>f  the  "animal,  I  liave  come  to  the  concluaiou  that 
it  is  specifically  distinct  from  these  other  small  foims,  though  possibly 
they  were  deiived  from  a  common  ancestor*  aJid  I,  thereiore,  propos*^  to 
name  it  Elf  pirns  tt/prlafAf, 

The  discovery  of  the  remains  of  thi&  pigmy  elephant,  as  well  a^  of 
Hlppf^patdmus  iiiiauhL%  in  CypniSj  is  interesting  Iti  comparison  wixh 
the  dwarf  ispeeies  from  Malta  and  BieOy,  and  because  the  preftei 
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^*  On  the  Discovery  of  a  Species  of  Trypanosoma  in  the  Cerebro- 
spinal Fluid  of  Cases  of  Sleeping  Sickness."  By  Aldo 
Castbllani,  M.D.  Communicated  by  the  Malaiia  Committee 
of  the  Eoyal  Society.  Dated  "  Entebbe,  Uganda,  5th  April, 
1903."    Eeceived  May  8,— Bead  May  14, 1903. 

On  the  12th  November,  1902,  when  examining  a  specimen  of 
<;erebro-spinal  fluid  taken  by  lumbar  puncture  during  life  from  a  well- 
marked  case  of  sleeping  sickness^  I  was  surprised  to  observe  a  hving 
trypanosoma.  Since  that  date  I  have  made  as  many  observations  in 
this  direction  as  possible,  and  the  results  are  to  my  mind  sufficiently 
surprising  to  excuse  me  for  presenting  this  preliminary  note. 

These  trypanosomes  are  not  in  large  nimibers,  so  that  to  find  them 
it  is  necessary  to  draw  oflf  at  least  15  c.cs.  of  the  cerebro-spinal  fluid. 
It  is  better  to  reject  the  first  few  c.cs.  as  they  are  apt  to  contain  blood. 
When  the  fluid  comes  away  clear,  10  c.cs.  are  collected  and  centrifuged 
for  15  minutes.  At  the  end  of  this  time  there  is  found  at  the  bottom 
of  the  tube  a  slight  deposit  of  whitish  sediment,  and  in  some  cases  also 
a  minute  trace  of  blood. 

The  liquid  above  the  sediment  is  poured  off  and  the  sediment 
•examined  under  a  moderately  low  power  of  the  microscope.  As  the 
.trypanosomes  are  at  first  fairly  active  they  are  easily  detected. 

The  following  tables  represent  the  results  of  this  investigation  : — 
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Table  I  shows  that  in  34  cases  of  sleeping  sickness,  the  irypano- 
somes  were  found  in  the  cerebro-spinal  fluid  taken  by  lumbar  puncture 
^luring  life  in  20  cases,  giving  a  rate  of  70  per  cent. 

On  two  occasions  I  also  examined  in  the  same  way  fluid  from  the 
lateral  ventricles  and  in  both  cases  found  the  same  parasite.  In  blood 
I  found  the  trypanosoma  once  with  certainty. 

It  miiy  Ikj  thought  that  the  trypanosomes  are  found  in  the  cerebro- 
spinal fluid  on  account  of  the  trace  of  blood  which  sometimes  forms 
part  of  the  sediment.  But  it  will  be  seen  from  the  table  that  in  several 
-cases  there  was  no  trace  of  blood. 

Table  II  shows  that  in  1 2  cases  of  ordinary  disease,  the  cerebro-spinal 
fluid  taken  during  life  by  lumbar  puncture,  in  no  case  contained 
trypanosoma,  and  it  is  important  to  note  that  3  of  these  controls  were 
<;ases  of  the  usual  trypanosoma  fever,  as  described  by  Forde,  Dutton, 
Manson,  Daniels,  &c. 

Here  it  may  be  remarked  that  trypanosoma  fever  is  by  no  means 
uncommon  among  the  natives  in  Uganda,  3  cases  having  been  met  with, 
by  Dr.  Baker,  one  of  the  colonial  surgeons  here  (Entebbe),  within  the  last 
3  weeks.  I  understand  that  Dr.  Baker  is  publishing  this  most  interest- 
ing obsenation.  It  must  be  clearly  understood  that  these  cases  of 
trypanosoma  fever  bear  no  resemblance  in  their  clinical  features  to 
sleeping  sickness. 

The  trypanosoma  found  in  the  cerebro-spinal  fluid  of  sleeping  sick- 
ness does  not  as  far  as  I  have  been  able  to  make  out  differ  materially 
in  size  and  shape  from  the  species  one  finds  in  the  blood  of  trypano- 
soma fever,  Irtjpanosonui  Gambiense  (Dutton),  but  possibly  it  is  to  be 
differentiated  from  this  one,  because  in  it,  as  a  rule,  the  micro-nucleus 
lies  nearer  the  extremity  and  the  vacuole  is  apparently  larger.  Besides, 
its  movements  are  not  apparently  so  active,  but  this  fact  might  be  due 
to  the  effects  of  the  centrifuge.  In  case  it  should  prove  to  be  a  new 
species,  the  trypanosoma  I  have  descrij^d  might  be  called  from  the 
<;ountry  where  I  have  foimd  it  first — Trt/panmotim  Ugandense, 

Ikluiim  of  the  Trypanosoma  to  Sleeping  Sickness, 

At  the  post-mortem  examination  of  80  per  cent,  of  the  cases  where 
I  found  during  life  the  trypanosoma,  I  grew  from  the  blood  of  the 
heart  and  from  the  liquid  of  the  lateral  ventricles  the  variety  of 
-streptococcus  I  described  many  months  ago  in  my  first  note.  Up  to 
that  time  I  had  never  found  the  trypanosoma,  but  this  is  easily 
<3xplained  by  the  fact  that  I  did  not  use  the  technique  I  have  described 
in  this  note,  viz.,  examination  of  a  large  quantity  of  liquid  after  long 
use  of  the  centrifuge. 

Influenced  l)y  my  last  investigations  I  would  suggest  as  a  working 
hypothesis  on  which  to  base  further  investigation  that  sleeping  sickwe«^ 
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Ti  Hi  H  i  I  oiit  *  i  ft  if  2*  i  'f  \sf  at  til  Citscs  of  Sleepiiiff  Sickness, 


\k  tliif  Ut  tht^  ^jieeks  nf  tryiKumwonifi  I  have  found  in  the  cerebrospinal 
Itiuid  of  the  p^ticntij  in  this  (list^ast'j  niu\  tbat  at  least  in  the  last  stages 
Ithnxr  is  ii  ( uttiKinit-'LTit  .'il ivjitinmrii^  infection  which  pinys  a  certain 
wpiiTt  in  ihu  L'oiust'  of  ilio  iHr^L'iisr. 


As  fco  far  su[>pinliiLij  ilir  nljst-i  vatioiia  by  Dr.  CiisteHaui  ^€^corded  i* 
It  he  alxivc  euiniuuniiritiuii,  ii  luny  l»c  clesinilile  to  state  that  Colonel 
15nice,  in  whom  in  l\ir^j^iMl?i  Dr.  CustulJiuii  muilc  known  his  discovery 
bf  the  Tryj)auosuiiiii,  uud  wlin  i^  now  continuing  the  mvestigation 
H^egun  by  Dr.  C;>stcH:OLi,  has;  sent  to  the  Eoyal  Society  a  teletrram, 
P'cccived  i\b;y  '^^  sraiiiii^  tliat  micv  Dr.  Castcllani  left,  in  thirty-eight 
'jLScs  of  plcepio.S::  siirkiit's-fj  he  hiul  foniid  trypanosomu  in  every  e^ae  in 
Wnul  obtained  by  bnnliru-  ]iuiif  tiire,  and  that  ho  had  found  trypnnosama 
pn  the  blood  hi  twflvc  nut  fhf  thirteen  cases  of  sleeping  sickness. 

MiCHAix  Foster. 
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**  On  Skew  Eefraction  through  a  Lens;  and  on  the  Hollow  Pencil 
given  by  an  Annulus  of  a  very  Obliquely  Placed  Lens.'* 
By  J.  D.  EvERBTT.  F.RS.  Received  January  22, — Read 
January  29,  1903.     Received  in  revised  form,  April  20,  1903. 

[Plates  9  and  10.] 

Part  L — Outline, 

1.  The  investigation  here  described  was  undertaken  with  the  view 
of  explaining  the  curious  curves  obtained  by  receiving  on  a  screen, 
at  certain  distances,  the  hollow  pencil  which  emerges  from  an  annulus 
of  H  lens  placed  at  large  obliquity  (such  as  SO"*  or  45'')  to  the  incident 
beam.* 

2.  The  first  requisite  is  a  process  for  calculating  the  direction-cosines 
of  a  ray  refracted  at  a  given  surface,  when  those  of  the  incident  ray  and 
of  the  normal  are  given,  with  the  relative  index  of  refraction.  In  the 
original  computations  for  this  paper,  the  method  of  procedure  was,  to 
calculate  first  the  direction-cosines  of  the  tangent  to  the  refracting 
surface  in  the  plane  of  incidence.  A  length  unity  along  the  refracted 
ray  was  then  projected  on  this  tangent  and  on  the  normal ;  and  these 
two  projections  were  themselves  projected  on  the  axes  of  co-ordinates, 
and  added.  It  has  subsequently  been  found  better,  instead  of  actually 
calculating  the  direction-cosines  of  the  tangent,  to  eliminate  them 
l)etween  two  sets  of  equations^  one  of  which  is  obtained  by  projecting 
the  refracted  ray  in  the  manner  above  de8cril>ed,  and  the  other  by 
similar  projection  of  the  incident  ray. 

3.  A  single  case  of  special  simplicity  is  selected  for  the  application  of 
the  process  ;  the  case  of  a  narrow  and  thin  annulus  of  a  plano-convex 
lens,  with  a  parallel  pencil  incident  at  46"  on  its  plane  face,  the  index 
being  1  5.  The  annulus  is  supposed  to  be  graduated,  the  division  0' 
l)eing  at  the  point  furthest  from  the  source,  and  the  graduations  being 
from  0"  to  ±  180\  The  plane  containing  the  axis  of  the  lens  and  the 
axis  of  the  incident  pencil  passes  through  the  divisions  0"  and  180\ 
and  is  the  only  plaive  of  symnietry  of  the  system.  For  convenience  of 
description,  we  shall  suppose  this  plane  to  be  vertical,  the  point  C  being 
the  highest  point  of  the  annulus. 

4.  Twelve  points  30**  apart,  starting  from  0*,  are  taken  on  the  annulus, 
as  points  of  incidence ;  and  the  direction-cosines  of  the  corresponding 
emergent  rays  are  calculated  to  three  or  four  places  of  decimals.     The 

•  See  S.  P.  Thompson,  "  Experiments  on  Zonal  Aberration,"  *  Arokives  Neer- 
landaises/  1901,  and  Fourth  Traill  Taylor  Lecture,  printed  in  the  *  Almanac  of  the 
Brit.  Joum.  of  Phot.'  for  1903 ;  also  Alice  Everett,  **  Photos,  of  Sections  of  Hollow 
Pencils,"  *  Jour.  Brit.  Astron.  Assoc.,'  vol.  18,  1902,  pp.  74-76. 
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I  of  the  leiis  is  taken  aa  axis  of  :;  the  axie  ot  tf  \mng  iri  at  id  the  tkxh 
of  sc  perpendicular  tu  the  plane  of  symmatty^  The  equations  of  the 
twelve  emergent  rays  thus  foiirul  enable  tm  to  plot  twelve  |>otnt€  of  the 
section  made  by  a  plane  at  any  given  cligtimei}  r ;  ami  through  these  a 
curve  can  he  drawn  Uy  hand. 

5.  These  sections  Jire,  however^  inclineil  at  nbout  45*  to  thecmergeat 
rayg,  and  are  abont  midway  l>otweeu  the  axes  of  *  kind  t/.  To  reme^ly 
this  inconvenience,  the  equations  of  the  i-ays  are  traiu^formed  to  n<jw 
axes  (of  7  and  f ),  the  axis  of  f  being  midwiiy  bet  wccn  the  axes  of  c  aini 
//,  and  coinciding  with  the  original  direction  of  the  incident  Itejim. 
Sections  ijcrpcnilicular  to  thi.s  rlirection  are  found  by  as^igiiing  different 
conBtajit  vfilues  to  f,  and  a  "direction-curve"  is  drawn,  wbieh  h  a 
section  of  a  cone  whose  generators  are  parallel  to  the  emergent  r&ys. 

6.  Harmonic  reduction  is  applied  to  the  direction-eosines ;  and 
harmonic  expressions  conuining  either  two  sines  without  cosines  or  twft 
eofiines  without  sines  are  found  to  give  a  remarkably  close  repreeenia* 
tion  of  the  facte. 

7.  Each  riiy  of  the  emergent  pencil  intersects  two  other  rays.  One 
set  of  intersections  are  in  the  plane  of  symmetry,  and  are  the  intei^ 
sectifjns  of  rays  symmetrically  placed  with  respect  to  this  plane,  The^e 
intersections  constitute  the  serotidnrtf  fmxil  litit,  which  ia  alv^olutely 
straight,  and  lies  in  the  prottuction  of  the  straight  line  drawn  thruug)i 


1903.]  On  Skew  Refraction  through  a  Lens,  etc,  511 

downward  slope  of  about  1  in  6.    Each  end  of  the  primary  line  is  the 
intersection  of  two  ultimately  coincident  rays  from  near  79\ 

After  a  long  interval,  the  intersections  on  the  secondary  line  begin, 
the  first  being  the  intersection  of  rays  from  two  points  ultimately 
coincident  at  ISO**,  and  the  last  the  intersection  of  rays  ultimately 
coincident  at  0*. 

11.  In  the  cross-sections,  of  which  numerous  specimens  at  gradually 
increasing  distances  are  given  in  Plate  9,  every  intersection  of  two 
rays,  or  (what  is  the  same  thing)  every  intersection  of  a  ray  with  one 
of  the  two  focal  lines,  appears  as  a  double  point,  which  is  generally  a 
point  of  crossing  of  two  branches,  but  is  sometimes  a  cusp  ;  and  in  one 
instance  the  two  double  points  coincide  in  a  point  of  contact  of  two 
branches. 

For  the  purpose  of  identifying  individual  rays,  the  numbers  0,  30, 
60,  &c.,  are  marked,  indicating  the  positions,  in  each  section,  of  the 
rays  which  came  from  the  points  0",  30",  60",  &c.,  in  the  right  hand 
half  of  the  annulus.  They  facilitate  the  tracing  of  reversals  of 
position. 

12.  It  is  by  no  means  a  general  law  for  oblique  refraction  through 
annuli  that  the  primary  crossings  are  completed  before  the  secondary 
l)egin.  More  usually  there  is  a  large  region  in  which  the  two  cross- 
ings overlap— a  circumstance  indicated  by  the  presence  of  three  double 
points  in  a  section,  the  middle  one  of  the  three  being  in  the  secondary 
and  the  two  outer  in  the  primary  focal  line. 

13.  Sections  of  pencils  from  annuli  of  obliquely  placed  lenses  have 
been  calculated  by  Steinheil*  and  by  Pinsterwalder,t  the  obliquity, 
however,  being  only  O"*  48'  in  Steinheil's  calculations,  and  not  exceed- 
ing 6°  in  Finsterwalder's.  In  both  cases,  the  method  of  computation 
is  that  devised  by  Seidell  based  on  spherical  trigonometry ;  and  the 
calculations  are  only  for  the  positions  0^  ±  45",  ±  90",  ±  135",  180*. 

Part  IL—JJeimls. 
14.  General  Process  foi' Skew  Refraction, 

Let  /i,  mi,  Hj  be  the  direction-cosines  of  the  normal, 
lo,  fiio,  11^2  those  of  the  incident  ray, 

then,  calling  the  angle  of  incidence  X)  &iid  the  angle  of  refraction  x ) 
we  have 

cos  X  =  Iil2'^minu'{-nin2, 

Hence,  knowing  the  index  of  refraction,  we  can  deduce  sin  x'  from 
sin  X. 

•  *  Munich,  Akad.  Sitx.  Ber.,'  vol.  19  (1889). 

t  *  Munich,  Akad.  Abhandl.,'  toI.  17  (1892),  p.  519. 

t  '  Munich,  Akad.  Siiz.  Ber./  1866,  p.  263. 

^  C>  ^ 
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Let  A  ft  r  denotu  the  direttioii-*: osines  of  the  tangent  to  the  infracting 
lurface  in  the  plane  of  incidence;. 

Then  k  nu  vi,  niuy  )^e  rcganled  a^  the  projections  o!  a  unit  incident 
lay  on  the  axes.  But  thia  unit  ray  gives  a  projection  sin  %  ^^  the 
langent ,  and  a  projection  cos  \  on  the  normaL  Adding  the  projections 
\i  these  on  the  uxes,  \vc  bavt* 

L,     =  A  sin  x  +  ^cos  X  T 

/^/^  —  /i  sin  X^-Ti^l  C08X  f     (^1" 

7t->    ^  I'  sin  X  +  "i  *^oa  x  ^ 
^nd  in  the  same  way,  by  piojccting  a  unit  refracteti  ray,  we  have 
/'     =  Xsin  \'  +  /i  cos  X    *1 

///  =  ^i  sin  y' -h //^i  COS  X   f     — "'^"      (^)t 

11*    -  I'sin  x'  +  J^i  cos  X    ^ 

It  ftt  ,  ft'  denoting  the  reqiiire<l  dircction-coaines  of  the  refracted  ray. 

Sulistitnting  the  v^dnes  of  A,  ft,  \'  from  (l),  equations  (2)  f>eeoine 

/'    =    k  (^i,  ^  /,  LOM  x)  +  h  C*08  X 

w'  =  k  (ft}-2  -  iit  i  COS  x)  +  frti  cos  X  ^     - (3) 
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The  Selected  Case  {see  §  3). 

16.  The  parallel  rays  incident  at  45**  on  the  first  face,  which  is 
plane,  are  refracted  into  the  lens  so  as  to  make  with  the  normal  (which 
is  the  axis  of  z)  an  angle  of  28"  7^'.  The  sine  of  this  angle  is  0*4714, 
and  its  cosine  0'8819.  The  direction-cosines  of  the  rays  incident  on  the 
second  or  convex  face  of  the  lens  are  therefore — 


h  =  0, 


Tfh  =  0-4714, 


112  =  0-8819 ; 


and  are  the  same  at  all  points. 

Our  calculations  relate  to  a  single  narrow  annulus  of  the  convex 
face,''^  the  axis  of  this  annulus  being  the  same  as  that  of  the  lens.  The 
radius  of  the  annulus  will  be  taken  as  the  unit  of  length,  and  the 
centre  of  the  annulus  as  the  origin  of  co-ordinates. 

The  normals  at  all  points  are  equally  inclined  to  the  axis  of  ;»,  and 
we  assume  the  sine  of  this  inclination  to  be  0*1000 ;  in  other  words, 
the  radius  of  curvature  is  taken  as  ten  times  the  radius  of  the  annulus. 
This  makes  the  cosine  0*9950,  and  the  angle  itself  about  5**  44^'. 

Let  6  denote  the  angular  distance  of  any  point  of  the  annulus  from 
the  summit  (which  is  the  farthest  point  from  the  source).  Then  the 
co-ordinates  of  the  point  are — 


xq  =  sin^, 


yo  =  cos  e. 


=  0, 


and  the  direction-cosines  of  the  forward-drawn  normal  at  the  point  ape 
h  =  tV  sin  ^.  '''1  =  tV  cos  0,  wi  =  0*9950. 


From  these  we  deduce,  for  the  angle  of  incidence  x> 

cosx  =  hh  +  mi?7i2  +  nin2  =  0-04714  cos  ^  +  0*87749, 

and  sin  x'  is  ^  sin  x ;  hence  cos  x'  is  known,  and  we  have  all  the  data 
for  calculating  the  direction-cosines  /'  m  n'  of  the  emergent  ray  by 
equations  (3).     The  following  values  are  thus  found : — 


m 


30°. 


60°.   '   90° 


120^ 


150^ 


0 

0-660 

0-760 


-0  0286  1-0-0618 
0-658  '  0-677 
0  -753    0  -784 


180°. 


-0-0622  Uo-0668  -0-0342     0 

0-707    I    0-740  0-766    i  0*777 

I    0-704    !    0-670  0-641     ■0-630 

i  ; 


*  The  annulus  of  the  lent  which  corresponds  to  this  annulvL*  of  tKe  coutk^x  ^ac« 
may  have  any  thickness,  but  description  is  f acUvtaited  \>3  %\i^^pQ*\n%>iXvfe^v2tax«t*  v> 
^mall  B§  to  be  negligible. 


|14  I'mf.  -J.  1).  Everett. 

lid  the  equjitioiisi  to  nu  emorgeiit  Tuy  are 

>:  -  sill  t)       V  -  COB  0  _ 
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(*)• 


When  the  :=!igii  uf  0  i>  revoi'sed,  the  sign  of  /'  is  reversed,  and  there 

no  change  in  m'  or  n*. 

IT.  Fo]'  transfiirming  to  the  axes  of  .^r  t/  f  (see  Ji  5),  f  being  in  the* 
lireL'tiiHi  nf  the  origin;tl  bcani  in<'iflent  on  the  ficst  face,  the  required 
iK'miila^  are — 

>}  =  (j^-^}^h.  f  =  (//+^)Vi■ 

m,  a.  flenotinti  lim  direetion-t:osiueB  relative  U*  the  new  axes.      We 
[ins  fiiul,  for  tlie  se^en  sulccted  points— 


^n> . 


9rt", 


I 


120^. 


IMP. 


180*. 


'(>-077ft-(rnH72 -OiHOa  +0^00177  +0-04yo  +0'O»8O+ 0^1040 
1»  91*7       n  91'8       o  Upa       0  '998         0  "SD?  i     0  -995    !      o  *S>9S 
n  '707!      0  HI  SI      o  ;?.>;iH      O  -0*353fi  ^0  '6124  -O  -7071 
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It  commences  (at  distance  7*72)  with  contact  of  the  two  branches, 
their  common  tangent  being  also  a  tangent  to  the  primary  focal  line. 
The  lower  branch  then  passes  through  the  upper,  giving  three  areas 
separated  by  two  points  of  self-cutting.  These  two  points  then  travel 
outwards,  causing  the  two  loops  beyond  them  to  become  smaller,  till, 
at  distance  8*51,  the  loops  have  vanished  and  are  replaced  by  cusps, 
which  are  at  the  two  ends  of  the  primary  focal  line. 

The  third  row  consists  of  sections  intermediate  between  the  two 
focal  lines,  the  cusps  having  changed  to  rounded  off  angles,  and  one  of 
the  sections  (at  distance  11)  being  approximately  an  equilateral  triangle 
with  corners  rounded  off.  The  last  of  them,  at  distance  13,  has  a 
fairly  sharp  angle  at  the  top. 

The  fourth  row  consists  of  seven  sections  through  the  secondary 
line  and  one  at  a  greater  distance.  The  first  has  a  cusp  at  the  top, 
changing  into  a  small  loop,  and  then  we  have  figures  of  8,  with  the 
upper  loop  enlarging  and  the  lower  diminishing,  till  at  distance  18*51 
the  lower  loop  has  been  replaced  by  a  cusp.  There  is  thus  a  cusp  at 
each  end  of  the  secondary  (as  well  as  of  the  primary)  focal  line. 
AVheu  the  figures  are  produced  experimentally  by  receiving  the  pencil 
on  a  card,  it  is  possible  to  hold  the  card  in  a  very  oblique  position 
in  which  the  two  sides  of  the  figure  8  luiite,  and  give  a  single 
line  resembling  the  image  of  a  slit.  This  image  is  the  secondary 
focal  line. 

When  the  secondary  line  is  passed,  the  area  of  the  section  increases 
rapidly.  The  form  is  at  first  that  of  an  oval  sharpened  at  the  bottom, 
as  shown  in  the  last  figure  of  the  Plate  ;  but,  as  the  distance  increases, 
the  two  ends  become  nearly  alike ;  and  at  still  greater  distances,  the 
lower  half  becomes  broader  and  blunter  than  the  upper,  as  exemplified 
in  the  section  at  infinite  distance  which  stands  first  in  Plate  10. 

19.  In  the  figures  of  Plate  9,  the  zero  point  x  =  0,  t;  =  0,  through 
which  an  undeviated  ray  from  the  origin  would  pass,  is  indicated  by  a 
large  dot,  and  it  always  lies  below  the  centre  of  figure — a  consequence 
of  the  preponderating  action  of  the  lower  portion  of  the  annulus.  At 
distances  6  and  9*9  the  zero  point  coincides  with  the  180"  point  and 
the  O'*  point  respectively,  and  at  intermediate  distances  it  lies  oviside 
tlie  carve.  This  explains  the  observed  fact  that,  when  two  concentric 
annuli  are  employed,  differing  greatly  in  size,  the  curve  due  to  the 
inner  often  lies  outside  that  due  to  the  outer.  In  dealing  with  the 
solid  pencil  given  by  a  very  obliquely  placed  lens,  it  is  clearly  not 
permissible  to  identify  the  bounding  surface  of  the  pencil  with  the 
surface  constituted  by  rays  from  the  outermost  zone. 

20.  The  direction-cosines  /',  w',  n\  are  approximately  simple-harmonic 
functions  of  the  angular  co-ordinate  0  of  the  point  of  emergence.     The 
amplitude  of  the  chief  term  (of  period  360*^  \a  aorckfi  ^VXfcwvort  Vww^^j 
times  Hs  great  aa  that  of  the  next  terra  (,oi  ^pervoOi  \^^'*^\  ^^^^  ^>«^>^ 


^^^^^  -..-m 
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m 

Lth  tbene  Lenuts  nre  iiii'ludeil^  ihv  Inrge^t  depjirtiires  from  .i^eciaeiit 
Hlh  lUu  twelve  datji  amouiil  to  about  ^^^^  of  the  chief  amplitude  for 
and   -\j  for  m*  and  n\     Tlic  lirtviiioiiic  expressions  to  which  the&e 
h murks  apply  are 

/'  =   -  0^0624  mi  ^  +  0  W32  ein  2^, 
m'  =  0^7103  -  0*0tv*J8  cos  i'  +  0W33  cos  26*, 
/^        0'G997  -f  0  0645  cos  6^  -  00047  cos  2^, 

iu  ^  0  0075  -  OOOOg  eoa  ^+  0'0067  cos  2e/, 
//  -  0'11!J70  +  O'UOl  3  MOA  6  -  0^0010  cos  2^, 

The  ma  xi  in  urn  ui]mt  foi-  m  is  about  ,/^j  of  the  itnipiitude. 

A.S  regards  h^  ihv  liir^^crst  dejiaiturc  from  itgreemeut  is  about  -^^^^, 
li  the  large  eun stunt  term  0*9370,  and  therefore  does  not  mateHally 
Ittect  the  values  of  ,r  and  t{  takulatcrl  from 


J  =  ^mH^     (f-fn), 


^^^^'lii-t^). 


1903.] 


(hi  Skew  Refraction  through  a  Letts,  etc. 


517 


^  =  0  in  equations  (4)  or  (5)  of  §§  16,  17,  using  the  values  of  l\  wi,'  n\ 
or  of  /,  m,  n,  there  given  for  6  =  30%  60",  .  .  .  150'.  The  two 
which  correspond  to  the  points  0*  and  180°  can  in  like  manner  be 
found  by  applying  equations  (3)  to  values  of  0  indefinitely  near  to 
0  and  IT  respectively. 

Near  0°  we  thus  obtain,  for  small  6, 

X-  0       _    y- 1    _       ^ 
- 0056626^  "  0-6505  "  0*7595 ' 

and  near  180*,  for  n-  -  </>  with  <f>  small, 

x-<t>        _    y+1     _ 


-  0"66966^  ~  0-7768  "  0-6297  ' 

lich,  for  .!• 

=  0,  give 

»  =  o-, 

y  =  12-50,     e  =  13-43 

7,  =  -  0-66 

6*  =  180°, 

1015,              9-04 

0-7( 

13-57. 


The  two  points  thus  determined  are  the  ends  of  the  secondary  focal 
line,  and  the  other  five  points  when  plotted  are  found  to  be  sensibly 
in  the  straight  line  joining  these  two.  The  tangent  of  the  inclination 
of  the  line  to  the  axis  of  f,  as  computed  from  the  co-ordinates  ^  C  of  its 

ends,  is  ^:i-^^^  =  --303. 

Sections  of  the  pencil  made  through  the  secondary  line,  are  figures 
of  8  (see  4th  row  of  Plate  9) ;  the  crossing  point  of  the  8  being 
the  point  in  which  the  line  meets  the  section.  At  the  ends  of  the  line, 
one  loop  of  the  8  vanishes  and  is  replaced  by  a  cusp.  The  cusps  are 
shown  separately  with  tenfold  magnification,  in  Plate  10. 

23.  A  simple  application  of  descriptive  geometry  suffices  to  show  that, 
in  every  case  of  refraction  of  a  homocentric  pencil  at  a  spherical 
surface,  all  the  refracted  rays  pass  through  a  straight  line,  namely, 
the  straight  line  which  joins  the  point-source  S  to  the  centre  of 
curvature  C  of  the  refracting  surface.  For,  if  P  be  the  point  of 
incidence  on  this  surface,  PC  is  the  normal,  and  SPC  the  plane  of 
incidence.  The  refracted  ray  lies  in  this  plane,  and  therefore  meets  the 
line  SC.  In  the  case  with  which  we  are  dealing,  S  is  at  infinity,  and 
8C  is  parallel  to  the  rays  within  the  lens. 

24.  Again,  the  plane  SCP  cuts  the  annulus  in  a  second  point  F,  and 
the  plane  of  incidence  SCP'  is  identical  with  SCP.  The  refracted  rays 
at  P  and  F  lie  in  this  plane,  and  their  intersection  is  a  point  in  the 
primary  focal  line. 

*  It  is  intereBting  to  compare  the  distance  18'M  oi  t\ie  l\xY^«t  «xA  ol  ^^^ 
tieccndAjj  line  with  the  food  length  of  the  umnliiB,  ir\dcVi  \%  \^**1^. 
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25.  Applying  theae  principles,  we  have 

Deviatioti  at  first  refraction  =  W  -  28*  7^'  =  16*  52^', 

irhicli  is  accordingh^  the  downwiurl  slope  of  the  rays  in  the  glass.    The 
:angent   of    16'    52V    i^   030^1,  which    agrees  with   the  value  above 
lleduced  from  the  co-ordinates  of  the  ends  of  the  secondary  line- 
Again,  the  distance  OC  of  the  centre  of  curvature  from   the  origin 
^09  =  9D50  ;  and  the  condition  that  C  is  colliiiear  with  the  enda 
hi  the  aecondaiy  line  is  the  vanisln'ng  of  the  determinaaL 

12-50,         10  15,         0 
1.^-4.^  9  04,      -9-95 

I,  U  1. 

K\pjuj(ling,  we  find  that  the  positive  terms  amount  to  237 '4,  and  the 
Negative  to  237  3,  a  sufficit^ntly  close  agi^oement, 

2(j.  Let  A  In  the  annexed  tigures  he  the  point  where  n  line  through  C 

[J  a  rail  el  to  the  ra\-.^  in  the  leni^  meets  the  plane  of  the  annulu^.      If  we 

[haw  any  straight  hnc  through  A,  cntting  the  annnhis  in   two  points 

M\   P\  the  niys  at  these  two  jxtjnt.^  are  in  the  same  plane  of   incidenee 
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150* 
20*  44' 


hesides^  =^  =  79*  10'. 


27.  To  trace  the  primary  focal  line,  I  have  calculated,  by  formulae 
(3),  the  equations  of  the  rays  (in  terms  oixyz)  at  these  thirteen  points, 
and  plotted  on  a  large  scale  the  sections  of  the  rays  by  planes  of 
constiint .-,  the  smallest  value  of  z  being  5*304,  which  corresponds  to 
the  intersection  of  the  rays  from  0*  and  180*,  the  largest  6*05,  which 
corresponds  to  79*  10',  and  the  others  being  5*4, 5*5, 5*6, 5*7, 5*8, 5*9, 6*0. 
Some  of  these  sections*  are  reproduced  in  Plate  10.  The  co-ordinates 
X  y  of  the  points  of  self-cutting  of  the  curves  (drawn  carefully  by  hand 
through  the  plotted  points)  were  adopted  as  the  co-ordinates  of  points 
of  the  primary  line;  and  the  results  are  exhibited  in  Plate  10  in  the 
shape  of  three  curves  which  are  the  projections  of  the  primary  line  on 
the  co-ordinate  planes  of  x  »/  f.  These  projections  are  on  the  same 
scale  i\A  the  curves  in  Plate  9.  The  scale  of  the  intersecting  curves  is 
five  times  as  large.  The  projection  on  the  plane  of  iy  f  (the  plane  of 
symmetry)  is  very  nearly  a  straight  line.  The  other  two  projections 
show  that  the  form  of  the  primary  line  is  approximately  parabolic. 
The  length  of  the  chord  joining  its  ends  is  0-952,  and  the  distance  of 
this  chord  from  the  vertex,  0-911.  The  tangent  of  the  slope  of  the 
approximate  plane  of  the  curve  is  about  -  ^;  and  the  ends  of  the 
curve  (which  are  its  lowest  points)  are  just  above  the  plane  of  x  (. 

28.  A  general  view  of  the  system  as  projected  on  the  plane  of 
symmetry  is  given  (on  one-fourth  the  scale  of  Plate  9)  at  the  foot 
of  Plate  10.  The  highest  and  lowest  points  of  the  annulus  are 
marked  0  and  180,  and  the  rays  incident  at  these  two  points  are 
traced  as  far  as  their  meeting  with  the  secondary  focal  line.  C  is  the 
centre  of  curvature  of  the  convex  face  of  the  lens,  the  radius  of 
curvature  being  ten  times  the  radius  of  the  annulus.  CA,  meeting 
the  plane  of  the  annulus  in  A,  is  parallel  to  the  rays  within  the  lens, 
and  its  production  coincides  with  the  secondary  focal  line. 

Cu»ps  in  Uie  Sections, 

29.  Every  cross-section  through  an  end  of  a  focal  line  contains  a 
cusp,  which  is  the  transition  from  a  small  loop  to  a  rounded-off  angle 
in  sections  taken  near  it.  Three  such  sections,  either  of  constant  z  or 
of  constant  (  can  Y^e  taken ;  namely,  one  section  through  each  end  of 
the  secondary,  and  a  single  section  through  both  ends  of  the  primary. 

30.  The  values  of  dxjdO  and  dyldB  for  constant  z,  and  of  dxjdO  and 
drjjdd  for  constant  f,  vanish  at  a  cusp,  and  are  very  small  in  the  regLou 

•  Tlje  markings  21,  48,  69,  100,  186,  79,  against  tVie  c\xnc*  tkxc  «>>\>T«>Vv3aJcvoTv&  \ox 
20''  U\  4^  4\  68'  40',  99'  36',  iSef"  10',  79°  W. 
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irouml  it.  *rhii5  pruperty  is  of  great  assistanee  in  locating  tke  ends  of 
hu  foccil  liiiL^s.  Physically  interpreted^  it  indicates  close  aggregatitrri 
Lt  niys^  iLiifi  L^onseipient  irureiLat^  of  luminous  intensity,  iit  tlie  ends 
|jf  the  two  focal  liTiLvs- 

;n.  To  find  fit  vvliai  distant  :  from  the  plane  of  the  annuliiB  the 
I  allies  of  iT  and  tj  for  the  ray  at  0'^  are  stationary  for  chaugf^  o£  ^_ 

We  have  in  general 


sin  ^  + 


r 


eos  fi+  —rX, 
n 


Henee,  for  i^onstnnt  :, 


n  -  ^ 


,  til'         (in 


iW 


(hV\ 


Dillereniiating  the  liitrmoniL-  expressions  {§  20)  for  /'  ni   ft'»  we  se** 
Irhrit    the  expresdon.s  for  dm;ilH  and  dnjff^  conUiin   only  sines,  and 

onKeipieiitly  vani^^h  at  0\     Henee   difjfW  vanishes  identically  nt  0', 

Iff 
Liul  f/i'fiW  reduces  tn  eoa  0  +     ,  ^^-^^  which  is  m  vanish. 


./f^' 
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The  form  of  these  cusps,  for  a  section  of  constant  .?,  is  exhibited 
near  the  centre  of  Plate  10,  on  half  the  scale  of  the  two  cusps  of  the 
secondary  (which  are  for  sections  of  constant  {)• 

33.  The  following  examples  illustrate  the  use  of  the  harmonic 
formulae : — 

(a)  To  find  the  points  of  the  annulus  at  which  the  deviation  is 
exactly  perpendicular  to  the  plane  of  symmetry — 

We  must  put  m  =  0,  giving 

900  cos  6^  -  67  cos  20  =  75,  whence  6  =  ±  88'  51'. 

(A)  To  find  the  points  at  which  the  horizontal  deviation  is  greatest, 
we  must  put  dljdO  =  0,  giving 

(r)  For  the  total  deviation  to  be  a  maximum  or  minimum,  its  cosine 
n  must  be  a  minimum  or  maximum.     We  thus  obtain — 

^  =   - 00013 sin  0  +  0*0020 sin 20, 

du 

=  -  0-0001  sin  ^(13 -40  cos  ^)  =  0. 

The  factor  sin  0  vanishes  at  O''  and  ISO*",  at  which  there  are  maxima. 
The  factor  13- 40  cos  ^  vanishes  for  0  =  ±71*,  and  gives  the  points 
of  minimum  deviation. 

The  points  on  the  "  direction  curve  "  which  correspond  to  these  three 
determinations  are  indicated  by  the  words  "  horizontal,"  "  maximum/' 
**  minimum,"  on  the  right  hand  of  the  curve. 

(d)  To  find  at  what  distance  z  the  radius  of  curvature  of  a  cross 
section  becomes  infinite  at  one  of  the  two  points  0"  and  180"  in  the 
section. 

From  equations  (4)  we  deduce 

d^  a  ,     d  r 

dO-'^^'^^'dOn- 

dy  '    a  ,      d  m' 

Ab  0*  and  ISO"*,  dx/dO  is  finite,  but  dy/dO  vanishes  (Bince  dm'/dO  and 
(in'/dO  contain  only  sines).     Hence    the   tangent  is  horizontal.     The 
condition    of   an   infinite  radius  of   curvature    is    dhj/dO^  =  0;    or 
^^  ^'      ^ 
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For  the  0'  ray  this  is 

and  for  the  180*  ray 

We  have 


d'  in   ^    1  d^m'  _  m'  d^ii'       « 
dfr^'uf       n'  im      n"^dm  ' 

the  Ac.  consisting  of  terms  which  vanish  at  0"  and  180"*.     We  thus 
obtain  at  0\  c  =  8'554,  and  at  180",  z  =  3'530. 

As  the  curves  are  symmetrical  about  the  axis  of  //,  the  first  differential 
coefficient  of  y  that  does  not  vanish  must  l>e  of  even  order.  It  is 
accordingly  of  the  fourth  order  at  the  two  points  thus  determined ; 
and  the  curve  is  sensibly  straight  for  a  considerable  distance. 

If,  instead  of  sections  of  constant  z^  we  take  sections  of  constant  ( 
through  these  two  points,  the  conclusions  remain  tnie ;  for,  by  Meunier's 
theorem,  the  radii  of  curvature  in  the  two  sections  are  in  a  finite  ratio. 
From  the  above  values  of  z^  together  with  the  equations  of  the  rays, 
we  can  deduce  the  values  of  //,  and  then  transform  to  »y  f .  We  thus 
find— 

for  6^  =  0^  f  =  11-94,         for  6  =  180^  C  =  4-86, 

results  which  are  illustrated  by  the  sections  for 


f  =  12,  f  =  4,  and  f  =  6,  in  Plate  9. 
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EXPERIMENTAL   STUDIES  IN  THE  PHYSIOLOGY  OF 
*       HEREDITY. 

By  W.  Batf^on,  M.A.,  F.R.S.,  and  Miss  PL  R.  Saunders,  Lecturer, 
Newnham  College,  Cambridge. 

Introduction. 

The  experiments  described  in  this  Report  were  for  the  most  part 
begun  in  1897,  and  are  still  in  progress.  A  part  of  the  cost  of  the 
work  has  been  defrayed  from  the  Government  Grant  Fund,  the  sums 
thus  received  having  been  in  part  allotted  to  us  by  the  Evolution 
Conunittee,  and  in  part  directly  by  the  Grant  Committee.  The  use  of 
the  garden  in  which  the  botanical  experiments  were  carried  out  was 
kindly  permitted  during  1901,  rent  free,  by  the  Botanic  Garden 
Syndicate. 

Following  recognition  of  the  fact  that  variations  of  animals  and 
plants  may  be  distinct  phenomena,  according  as  they  are  continuous 
•or  discontinuous,  it  seemed  desirable  to  ascertain  in  as  many  cases  as 
possible  which  variations  belong  to  each  of  these  categories.  To 
answer  this  question  specifically  with  regard  to  a  diversity  of  forms, 
taking  each  character  separately,  and  testing  it  l)y  direct  experiment 
in  cross-breeding,  was  a  primary  object  of  our  work.  Such  determina- 
tions must,  in  our  judgment,  constitute  a  first  step  in  attempting  to 
proceed  with  the  problem  of  the  nature  and  origin  of  Species. 

Moreover,  from  what  had  been  hitherto  ascertained  regarding  the 
phenomena  of  heredity,  the  inference  could  scarcely  be  avoided  that  no 
luiiversal  law  obtains,  but  that  by  studying  various  specific  cases 
distinct  specific  laws  may  be  detected. 

Another  object  we  have  kept  in  view,  is  to  test  the  possibility  that 
in-breeding  may  have  a  specific  effect  in  modifying  the  power  of  trans- 
mitting parental  character  to  offspring.     There  ar^  %QtCL^  \xv'^«i'5w\k<5>\N&? 

*  The  most  remarkMe  illufltration  of  this  pVienomeixoix  \%  V>a»X.  ^\a^\%  ^^^^^jy^ 
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lloriverl  from  Viuious  sonrcus,  u  liieh  point  to  such  a  possibility,  and 

leiul  to  show  that  an  iii-ljred  individual  of  a  given  breed  A,  when 

rosacd  with  aw  ijulividiisil  <^f  ii  ditferent  breed  B,  will  be  more  likely 

[o  "  trH7i3niit  *'  the  A  characters  to  the  offspring — in  ordinary  terms  more 

I*  }>repotent  *'— than  another  iiidividiuil  of  the  same  breed  A  which  was 

lukt  in-ljretl,   thungh   etiually   pure   or  **  thoroughbred/'     It   did    not 

■il^pcar  that  this  possibiliry  had  liccti  properly  investigated  by  seientifio 

nuithods,  though  otherwise  expressed  it  is  not  tirifamiliHr  to  practical 

needcra.     For  example  it  i^  commonly  believed  that,  rtrffiis  paribus^  a 

tliuroiighbrcd  animal  is  mure  likely  to  stamp  ita  own  character  on  its 

kfrsjjriiig  thftn  an  -tninial  u  hii  li  i^i  not  a  thorotighbretb 

Thoroughbred  iuumalji  aie  not  rarely  in-bred^  and  the  possibility 
that  the  prepotency  may  bo  due  to  the  in-breeding  rather  than  the 
l)!iic-l)reeding  ^^hnidd  l^e  borne  in  mind.  It  is  needless  to  emphasisa 
ihii  great  pnictkid  ami  SLientitic  eonsequcnee-s  of  such  a  proposition  if 
it  could  be  establishetb 

Five  years  ago  nothing  couh1  have  seemed  simpler,  practical 
llitUcnlties  apart,  than  to  inve^^tigate  this  question  and  to  put  it  to 
firU  t'Xperimental  test.*  ^[cnnwhile,  however,  m  w*ill  presently  appejir, 
the  whole  piohlem  of  heredity  has  nndergono  a  complete  revolution ^ 
1(1  id  the  old  idea  of  prepotency^  if  it  is  to  be  retained  at  all,  must  lio 
I  wi.^  conceited,     Eviflencc  of  greater  or  les^  prepotency  obtained  hy 
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methods  formerly  supposed  satisfactory  is  now  capable  of  different 
interpretations,  and  it  is  clear  that  to  obtain  a  definite  result  on  this 
point,  a  new  set  of  precautions  must  be  used.  Consequently  though 
some  of  the  evidence  to  be  adduced  bears  on  the  question  of  differential 
prepotency,  we  can  offer  as  yet  no  plain  answer  to  the  original  question, 
and  some  time  must  elapse  before  the  matter  can  be  definitely  deter- 
mined. 

We  expected,  then,  in  chosen  cases  to  determine  the  degree  to  which 
certain  characters  are  discontinuous,  whether  they  are  capable  of  blending 
\vith  their  contraries  or  not,  and  to  what  degree  their  distinctness  is 
maintained  on  crossing.  In  suitable  cases  we  hoped  further  to  deter- 
mine specific  laws  of  heredity,  and  to  ascertain  whether  these  laws  can 
be  affected  by  in-breeding  the  parental  forms.  It  has  always  appeared 
to  us  that  it  can  only  be  by  esrhaustive  studi/  of  special  cases  that  success 
can  be  attained  in  this  direction,  and  that  no  results  are  as  yet  to  be 
expected  from  partial  experiment  with  a  multitude  of  forms. 

Upon  these  original  objects  and  on  several  collateral  subjects  our 
experiments  have  given  information.  They  are  still,  however,  in  the 
initial  stage,  and  we  hope  to  continue  them  in  future  years.  We 
greatly  regret  that  from  want  of  spaco  and  appliances,  we  have  been 
obliged  to  reduce  the  scope  of  oiu*  experiments  to  the  barest  limits. 
Investigations  of  this  kind  to  be  properly  pursiied — with  animals  at 
least — require  far  greater  resources  than  we  are  able  to  command. 

For  many  reasons  we  would  rather  have  deferred  publication  until 
the  work  was  further  advanced,  but  we  feel  that  with  the  re-discovery 
and  confirmation  of  the  principle  which  will  henceforth  be  known  as 
MendeUs  Law,  the  study  of  heredity  and  the  cognate  problems  of 
evolution  must  enter  on  a  new  phase. 

At  the  present  time  the  question  how  far  Mendel's  Law  with  its 
numerous  corollaries  is  valid,  to  what  cases  and  to  what  extent  it  is  of 
general  applicability,  supersedes  all  others  in  significance.  Conse- 
quently, our  experience,  however  imperfect,  since  it  bears  directly  on 
this  question,  has  a  value  at  this  juncture,  and  we  think  it  may  be  of 
use  to  the  many  investigators  who  will  doubtless  now  turn  their 
attention  to  the  experimental  study  of  heredity. 

In  the  history  of  evolution  it  must  ever  be  an  astonishing  fact  that 
Mendel's  discovery  has  so  long  remained  unknown.  The  obscurity  of 
the  Briinn  journal  is  a  circumstance  quite  insuflficient  to  explain  the 
neglect  of  such  a  work.*    No  careful  reader  could  doubt  for  a  moment 

*  "  Abh.  naturf.  Yer.  Brunn,"  1865,  toI.  4,  p.  1.  The  author  of  this  remarkable 
paper,  Gregor  Johann  Mendel,  according  to  a  communication  made  to  Correns  by 
Dr.  Ton  Scbanz,  was  born  in  1822  at  Heinzendorf-bei-Odrau  in  Austrian  Silesia. 
His  parents  were  well-to-do  peasants.  In  1843  he  entered  the  Koniginkloster,  an 
Augustinian  house  in  Altbrunn  and  was  ordained  priest  in  1847.  From  1851-1853 
he  studied  physics  and  natural  sciences  at  Vienna.  On  retiring  to  his  cloister  he 
became  a  teacher  in  the  Bealschule  of  Briinn  and  afterwards  Abbot.    He  diedvck 
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til  fit  he  \v:t^5  hi  prujipiK-r  of  line  fact^  of  exceptional  significance-  The 
ii?aftoii  nj;*y  he  thrti  at  tlie  time  uf  Menders  pubUeation,  the  annannce- 
ment  of  t\\v  jit  ineiplt!  of  Xatiiial  Selection  had  almost  completelj'  diia- 
trncted  the  i  nit  ids  (if  natuialists  from  the  practicnJ  etudj"  of  evohttion- 
Thc  laljoiu's  of  the  hyliridists  were  lielievecl  to  have  lotl  to  confusion 
and  iriconsit^tt^iny.  and  no  otu-  bi^LHJetl  them  any  more. 

li  is»  jierhaj^h,  L-ven  more  siu  ]>rji!ing  that  other  investigators  failetl  to^ 
I  d i H f^ o ve t'  the  same  1  a av  .     N a i n  1  i  r v .s  con chiaion 9  cam e  very  nc^r  it. 

The  liternttnT  of  lirceilinjti  teems  with  facts  now  palpably  !Mendelian. 
lUiirtnerj  Ii^hIimi],  Laxtnii,  cvon  T*arwiti  himself,  must  have  been  raanj 
1  tinier  on  the  hiink  of  the  discovciy. 

Looking  now  at  siich  ex]>er3mcnt8  as  those  of  Rimpan  with  wheaty 
l^c,  of  Laxton  with  Pt^^tfu*,  Godionmth  IMum^  of  Darwin  with  Ajitii^ 
rhinnin  and  .sweet  j^ciis,  we  can  hanily  understand  how  the  conch ision 
Iw^ts  missed-     In   harwin'.s  last.*   \m  floubt  the   theory  of   Pangenesis^ 
I  contributed  to  difficulty*  bnt  some  part  of  the  obacnrity  must  have 
I  been  due  ta  tfu^  haliit  of  rei^fanlin^  various  species,  breerls,  varieties, 
and   CHsnrd    tinct nation?^*  nii   ull    tompiirablc   expresaions  of    one    phe- 
nomenon,  Kinnlat    in   kiinl  ;    and    to  insufficient   recognition    of    the 
I  possibility  that  variation   may  He,  iu  its  esBence,  specific.     We   mav, 
I  perhaps,  attribute  to  this  preconception  the  extraordinary  eoniplexity 
Kvith  which  fiis  e?t]ierimentii  on  ponltry   and  pigeons  w^ere  arrangeiL 
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iis  our  own  views  and  modes  of  expression  do  not  agree  wholly  with 
those  of  other  writers  on  the  subject. 

It  may  be  premised  that  the  first  publication  of  the  re-discovery  was 
made  in  1900  by  de  Vries,*  and  almost  simultaneously  by  Correnst 
and  Tschermak.J  There  can  be  no  doubt  that  the  appearance  of  this 
group  of  papers  constitutes  at  length  a  definite  advance  both  in  the 
general  study  of  the  physiology  of  reproduction  and  in  the  particular 
problem  of  the  nature  of  Species. 

In  1865  Gregor  Mendel  published  his  discovery.  His  experiments 
are  described  in  considerable  detail,  and  the  resulting  law  is  stated 
with  emphasis  and  precision.  He  at  once  perceived  and  lucidly  enun* 
ciated  what  he  regarded  as  the  essential  truth  underlying  the  observed 
facts.  A  reader  of  this  paper  can  hardly  fail  to  recognise  its  masterly 
quality.  By  some  strange  chance  it  was  ignored,  and  excepting  a 
casual  reference  in  Focke's  *Pflanzen-Mischlinge^  (p.  110)  there  appears 
to  be  no  allusion  in  literature  to  this  remarkable  performance.  It  is  a 
fortunate  circumstance  that  we  need  feel  no  hesitation  in  now  accepting 
Mendel's  account ;  for  even  if  the  original  paper  were  such  as  to  admit 
of  doubt,  the  re-discovery  comes  to  lis  with  a  large  body  of  fresh 
evidence,  the  simultaneous  work  of  three  independent  observers,  con- 
firming  Mendel  on  the  main  points. 

Mendel  states  that,  like  other  investigators,  he  had  been  struck 
by  the  regularity  with  which  offspring  of  certain  hybrids  reproduce 
the  pure  ancestral  forms.  But  owing,  as  he  supposes,  to  the  com- 
plex nature  of  the  cases  studied  and  to  want  of  accurate  statistics, 
the  precise  facts  had  never  been  ascertained.  Accordingly  he  set 
himself  to  work  out  some  case  from  which  every  confusing  element 
should  as  far  as  possible  be  excluded.  After  several  trials  he 
chose  the  varieties  of  Pisum  sativum  as  best  suited  to  his  purpose. 
Besides  other  advantages,  this  species  is  well  known  to  have  the 
exceptional  merit  of  being  habitually  self -fertilised,  in  N.  Europe 
at  least.  From  the  many  varieties  of  peas  he  first  chose  pairs  of 
varieties,  for  crossing,  in  such  a  way  that  the  members  of  each  pair 
differed  from  each  other  in  respect  of  one  definite  character.  Of  such 
pairs  of  characters  he  chose  seven,  namely :  1.  Shape  of  seed,  whether 
rounded  w  irregularly  angular  and  deeply  wrinkled.  2.  Colour  of 
cotyledons  ["  ei\dosperj)f\  whether  some  shade  of  yellow  at'  green. 
3.  Colour  of  seed-skin,  whether  a  brownish  shade  or  white  (in  correla- 
tion with  white  flowers).  4.  Shape  of  ripe  pod,  whether  simply 
inflated  w  deeply  constricted  between  the  seeds.  5.  Colour  of  unripe 
pod,  whether  a  shade  of  green  m-  bright  yellow.    6.  Position  of  flowers, 

*  De  Vries,  *  Comptes  Eendus,'  March  26,  1900,  and  *  Ber.  deut.  Bot.  Ges.,* 
xviii,  190l»,  p.  83  ;  ibid.,  p.  435  ;  *  Rev.  gen.  Bot.,'  1900,  p.  257. 
t  Correns  '  Ber.  deut.  Bofc.  Gee.,*  XTiii,  1900,  p.  158 ;  *  Bot.  Ztg.,*  1900,  p.  232. 
X  Tsclicrmak,  *  Ztschr.  f.  d.  land«r.  Versuohswesen  in  Oesterr.,'  1900,  8,  p.  465. 
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\vl]  ether  flif^tril>utc<l  Jilorig  the  ^stoiu  m'  crowded  near  the  top  In  a  faJst* 
umbel.     7.  Length    of    stem,    whether    about    6 — 1    feet    &r    aliotit 
J— li    fut't.     IJctwreu  thcso  various  pairs  of   varietiea   croeses    were 
I  then  made,  the  fonude  |iaieiit  lieing  emasculated. 

As  to  the  tiiJ9t  two  charact*us  tlie  rcs^ilt  of  the  experiment  is  seen  iva 
I  soon  aa  the  cmss-hred  *^eeds  arc  ripe;  hut  to  study  the  other  five 
I  characters  it  is  of  coiirsG  necessary  to  phuit  the  seeds  and  grow  the 
I  plants  to  nuitunty.  Oii  sucIj  i-xanii  nation  it  was  found  that  in  the 
liase  of  each  pair  of  chaniL-ters  one  only  was  manifeste<l  in  every  ct*oss- 
Ihred  indivi<lual,  to  the  total,  or  almost  total,  exchision  of  the  opposite 
leharncter.  The  eharaeter  whiih  thus  prevails  is,  iu  Mendel's  tcr- 
Iminologyj  the  di^miiutut  (1)),  the  character  which  is  BUppreased,  being 
L'*r^>\s/'r*'  (U).  Iu  the  above  enumeration  of  characters  the  dominant  ii? 
l]Jaeed  first  in  caih  puir,  lieciprocal  crosses  gave  identicjU  rcstilts. 
liiriefly,  then,  1)  x  li  or  K  x  I.)  gave  offspring  which  in  api>^rance 
lure  a  1  ]  ] >i ■  i i c ti  c; i I  \y  1  >* 

The  next  geiier;ition  i:5  *>btaiiied  l>y  allowing  the  cross-bred  plants 
iDli  to  fertili^^e  tfiemi^elveH.  The  result  of  such  self-fertilisation  u, 
Lixording  to  Mendel,  that  the  next  generation  instead  of  being 
nnjifoiin  like  their  purents^  breaks  up  into  the  two  original  foiina, 
\V)u^  tkkes  plaeo  in  siiieh  a  way  that  there  are  on  the  average   ihre^ 
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the  results,  as  average  results^  are  clear.  The  purity  of  the  pure  domi- 
nants and  pure  recessives  resulting  from  the  self-fertilisation  of  the 
cross-breds  was  tested  in  the  case  of  characters  1  and  2  to  the  sixth 
generation,  for  characters  3  and  7  to  the  fifth  generation,  and  for 
characters  4,  5,  and  6  to  the  fourth  generation. 

Mendel  interprets  his  facts  as  follows  : — They  point  to  the  conclu- 
sion that  in  the  cross-bred  each  of  its  pollen-grains  and  each  of  its  egg- 
cells  is  either  pure  dominant  or  pure  recessive^*  and  tliat  on  tlie  averotjtt 
there  are  equal  numbers  of  each  kind  far  each  sex.  If  the  assortment  of 
pollen-grains  and  egg-cells  is  then  supposed  to  take  place  at  random, 
the  most  probable  percentage  result  is  25D  ?  x  D  (J ,  25D  ?  x  E  ^^ , 
25R?  X  D(J,  and  25R  ?  x  RcJ.  As  D  x  R  does  not  differ  from 
R  X  D,  we  have  therefore  25D  :  50DR  :  25R.  But  as  cross-breds 
resemble  dominants  in  appearance,  the  apparent  result  is  3D  :  IR  at 
each  successive  self-fertilisation  of  cross-breds. 

Mendel  next  proceeded  to  cross  pairs  of  varieties  differing  in  respect 
of  two  characters;  for  example,  a  variety  having  seeds  round  ancf 
yellow  with  a  variety  having  seeds  angular  and  green ;  and  also  pairs 
of  varieties  differing  in  three  characters ;  for  example,  a  variety  charac- 
terised by  seeds  roiuid,  yellow,  and  in  grey-l>rown  skins  with  a  variety 
having  seeds  angular,  green,  and  in  white  skins.  The  numerical  results 
of  these  experiments  are  set  out  at  length,  and  are  too  long  to  repeat. 
Briefly  the  result  in  all  cases  was  that  the  dominant  characters  alone 
appeared  in  the  first  cross.  When  these  were  self-fertilised,  in  the  case 
of  two  differentiating  characters,  four  difterent  kinds  of  seeds  resulted, 
namely,  round  yellow,  angular  yellow,  round  green,  and  angular  green. 
In  the  case  of  three  differentiating  characters  these  were  similarly  com- 
bined in  the  eight  possible  combinations.  In  both  sets  of  experiments 
the  numbers  of  individuals  and  their  constitution,  as  tested  by  the 
seeds  they  were  capable  of  producing  on  self-fertilisation,  were  con- 
sistent with  the  hypothesis  arrived  at  in  the  case  of  varieties  differing 
in  respect  of  one  character,  namely,  that  each  male  and  female  cell  of 
the  cross-bred  is  pure  in  respect  of  one  character  of  each  pair  of 
characters,  and  is  capable  of  transmitting  this  character  to  the  exclu- 
sion of  the  opposite  character ;  that  the  reproductive  cells  are,  in  the 
cross-breds,  of  as  many  kinds  as  there  are  possible  combinations  of 
pure  characters  (taken  two  or  three  together,  as  the  case  may  be) ;  and, 
finally,  that  each  kind  is  represented  in  the  cross-breds  on  the  average 
in  equal  numbers. 

Mendel  next  tested  the  truth  of  the  hypothesis  that  both  male  and 
female  cells  were  similarly  differentiated,  by  crossing  the  first  crosses 
with  pure  D  and  pure  R  forms  respectively,  finding,  iis  he  expected, 
that  DR  X  D  gives  the  ratio  IDI)  :  IDR,  and  that  DR  x  R  gives  on 

*  In  what  follows  such  forms  arc  spoken  of  as  ^*  extracted "  dominants,  or 
"  extracted  "  recessires. 
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ItliB  uvemgc  the  niti-^  IHU  :  IKK.     Both  sets  of  germ-celk  are  there 

riic  similarly  di Here iitiii ted.* 
ll  nmst  l^e  iiruler>t<in{l  tfuit  tliU  comleTifterl  Btatetnent  does  no  justice 
Iff*  the  lucidity  nud  LOTiiplutenciis!*  of  Mendel's  account  of  his  facts,  and 

af  the  I'ea  SOI  ling  liased  on  tlietn.  With  regard  to  the  numbers,  it 
Imay  be  said  that  though  thci'o  is  a  good  deal  of  irregularity,  yet  talseti 
Itngether   they  jilaiidy  liear   out  the  law  m  a  Ktatemcnt  of  averaga 

Oe  Yriest  working  with  p.Lirs  of  varieties  helouging  to  a  diveraity 
lof  genera  and  f^pecie^,  fianid  that  in  a  large  number  of  cases  one  of  tho 
|\iiHctal  characters  iviu  definitely  dominant,  prevailing  in  the  first 
lcro8sea  to  the  cxclufjioii  of  the  recessive  character.  In  several  of  thc.^ 
lenses  the  offspring  nf  tlie  cross-breds  fertilised  intu^'  se  were  mixed 
lilnminants  and  rece.ssivcs  in  proportions  fairly  agreeing  with  Mendel's 
liciw.  111  tfjc  ca.sc  ut  two  CD  bur  varieties  of  Papnv^r  wmnifemm^  the 
liHiistitutiou  of  the  resulting  dominantB  was  investigated,  and  sho^ivn  to 
I  he  also  a  c  cording  tn  the  law.  Iti  certain  cases  also  the  purity  of  the 
Ireressives  was  tested  and  found  to  l*c  complete. 

De  Vricfi'  first  announcement  was  followetl  almost  immediately  by 
I  the  appcaraiire  of  a  paper  by  Corren^,^  g^^'^'*^  ^^  account  of  ^onie 
lyeara'  work  witli  peas,  repeating  Mendel's  experiments  and  confirimng 
lihcin  cOs  reerard^  the  colour  of  the  seeds. 
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ynih.  Mendel's  hypothesis.  He  believes  also  that  there  is  evidence  that 
yellow  is  more  decidedly  dominant  over  green  than  the  rounded 
character  is  over  the  wrinkled,  and  on  this  point  further  experiments 
are  required. 

Subsequently  a  paper  by  Correns*  has  appeared  describing  his- 
experiments  with  a  glabrous  and  a  hoary  form  of  garden  stock 
(Matihiola  ificana),  and  giving  results  as  to  these  varieties,  tested  by 
self-fertilisation,  and  also  by  recrossing  the  cross-breds  with  the 
parental  forms.  In  this,  as  in  each  of  the  other  papers,  there  are  many 
points  which  call  for  separate  notice  and  discussion,  but  the  facts  taken 
together  are  in  fairly  close  agreement  with  the  expectation  given  by 
Mendel's  law,  though  the  discrepancies  are  decidedly  greater  in  this^ 
case  than  in  the  others.  The  case  happens  to  be  one  which  had  also 
formed  a  subject  of  our  experiments,  and  the  various  questions  raised 
by  the  facts  will  be  discussed  in  connection  with  the  statement  of 
our  residts. 

Lastly,  Professor  Correns  has  also  publishedt  an  elaborate  and 
important  memoir  on  the  results  obtained  in  crossing  varieties  of 
maize.  Some  of  these  results  are  of  a  complex  character,  but  the 
essential  fact  of  the  truth  of  Mendel's  law  in  its  application  to  many 
of  these  cases  was  fully  established.  From  the  striking  diiference& 
between  these  varieties  in  several  characters,  notably  in  the  constitution 
of  the  endosperm,  whether  round  starchy  (dominant)  or  wrinkled  and 
sugar-containing  (recessive),  this  case  is  a  most  attractive  subject  for  . 
such  experiments. 

In  the  characters  of  the  endosperm  in  maize  de  Yries^  also- 
demonstrated  the  truth  of  Mendel's  law.  As  regards  the  colour 
varieties,  Correns  showed  many  complications  to  exist  owing  to  the  fact 
that  the  general  appearance  of  the  seed  depends  partly  on  maternal  and 
partly  on  embryonic  elements ;  and  in  some  of  the  characteristics^ 
there  are  other  confusing  factors  owing  to  fluctuations  in  the  intensity 
of  the  dominance. 

The  above  is  a  brief  sketch  of  a  vast  mass  of  observations  all  tending^ 
to  the  same  conclusion,  and  the  truth  of  the  law  enunciated  by  Mendel 
is  now  established  for  a  large  number  of  cases  of  most  dissimilar 
characters,  beyond  question. 

Let  us  now  shortly  distinguish  what  is  essential  in  the  new  discovery 
from  what  is  not.  The  fact  that  in  the  cross-bred  one  character,  in 
appearance,  dominated  to  the  exclusion  of  the  other  is  not  of  the 
essence  of  Mendel's  discovery.  Tschermak,  for  instance,  saw  some 
exceptions  to  this  rule  in  Pimm.     Among  the  Matihiola  crosses  here 

•  *  Bot.  Cblt.,*  1900,  48,  p.  97. 
t  *  BibJioth.  Bot.;  1901,  Ueft  53. 
X  *  Key.  gen.  Bot.,'  12,  1900,  p.  270. 
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lesoribecl,  and  uniong  ihosti  ori^iiiiilly  made  by  Trevor  Clarkej*  the 
boaiy  form  ^^ttma  to  lie  nut  exclusively  dominant,  Correns  saw 
'oiisiderablc  finctiiritions  m  the  dominance  of  the  colours  of  maize.  It 
.^  practically  certain  some  of  the  poultry  CHses  alx»ut  to  be  described 
exhibit  the  i^iamc  phenomenon.  In  fiict,  generally  speaking,  there  are 
4ood  reasons  for  thinking  that  in  numerous  instances  purity  of  gametes 
luay  occur  without  cither  rhaructcr  exhibitiag  dominance. 

There  is  also  sonic  reason  for  >;np[:>osing  that  alterations  in  doniiiifknce 
may  he  affcctutl  by  chnn^i^eii  in  e<;nditions  (see  p.  136)i  and  possibly  even 
Iry  differences  in  the  state  of  the  parents,  though  the  only  consideral^lu 
fiody  id  evidence  relatijig  to  these  ixiints,  obtained  by  Vemoni  in 
Krhinid  eroiSsiTig^  ritdl  Jiecds  re]  jc  tit  ion  and  confirmation. 

The  essential  part  ^>f  the  dis(.u>\'ery  is  the  evidence  that  the  gemi^AU 
ft  if'ftii^frs  j^rtj<fftfrti  Jiif  ftvti.<-hirff  ^trtjanmn.i  mm/ in  re.s^if'd  of  given  chara^ftr.< 
hr  tif  thr  jittir  parvftfit!  lif/n.<  tm'l  tftn^^fqm'ittli/  intuptibh  of  transmitiimj  fhr 
\ytpih<f/f  rhftiffiftr :  that  when  anch  pure  simihir  gametes  of  opposite 
?^excs  are  united  together  in  fertilisation,  the  individuals  so  fomied  and 
their  posterity  are  free  from  all  t^iint  of  the  cross ;  that  tktre  mat/  ite^  it* 
httrfy  peyfii  or  fflowfif  fMrffrf  ifi^^imtimiitfj  bdwe^ii  ifk*^  gatfiis  in  re^Mri  fxf 
ittt'  ftj  inth  j^ttr  of  tfitjfO,<iff'  t'hiti'tidf'r^. 

Doubt  mi^ht  n  at  I  n  ally  be  felt  as  to  the  acceptance  of  a  proposition  so 
far-reachingf  but  it  is  impossililc  to  see  any  other  possible  interpretation 
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mtpi  are  highly  complex.  In  the  light  of  present  knowledge  we 
desire  to  repeat  these  experiments,  and  we  hope  to  clear  up  some  of 
the  difficulties  before  publishing.  To  those  who  have  leisure  for  such 
work,  we  suggest  these  species  as  offering  unusually  good  opportunities 
for  investigating  problems  of  heredity,  and  we  should  be  glad  to  com- 
municate with  any  one  who  cares  to  undertake  such  work. 

Part  I. — ExPERmENTs  with  Plants,  carried  out  by 
E.  R.  Saunders. 

Chcfice  of  Subjects  for  Experiment, 

In  "  The  Variation  of  Animals  and  Plants  under  Domestication,***" 
1  )arwin  mentions  among  other  instances  of  plants  in  which  the  absence 
of  blending  of  the  parental  characters  in  the  offspring  is  well-marked, 
the  case  of  certain  hoary  and  glabrous  varieties  of  garden  stocks ;  when 
these  varieties  were  intercrossed  the  foliage  of  the  offspring  resembled 
one  or  other  of  the  two  parents,  and  intermediates  did  not  occur.  The 
evidence  upon  which  this  statement  rests  is  furnished  by  the  experi- 
ments of  Trevor  Clarke,  a  brief  reference  to  which  is  found  in  the 
*  (Tardener's  Chronicle,'!  and  a  fuller  statement  in  the  Report  of  the 
Proceedings  of  the  International  Horticultural  Exhibition  and  Botanical 
Congress,  held  in  London  in  18664 

In  these  experiments  the  *'  little  annual  glabrous-leaved  stock  of  the 
nurserymen  "  was  crossed  with  pollen  from  a  large  hoary  biennial  form 
{Comrdeau  of  the  French) ;  the  result  was  that  one  half  of  the  seedlings 
were  glabrous  or  "  Wall-flower  leaved,"  and  the  other  half  rough  like 
the  male  parent — none  were  intermediate  in  leaf  character. 

The  glabrous  seedlings  were,  however,  no  longer  dwarf  but  "  of  tall 
and  strong  habit."  The  author  further  states  that  succeeding  genera- 
tions raised  from  the  hoary  cross-breds  produced  a  percentage  of 
glal)rous  plants,  but  that  the  converse  was  not  observed  and  probably 
(lid  not  occur.  Moreover  these  experiments  were  verified  by  repeated 
trials,  which  were  followed  in  every  case  with  the  same  result.  Similar 
results  were  obtained  from  intercrossing  races  which  differed  in  seed 
colour,  as  e,g,,  a  purple  flowered  Queen  stock  with  black  seeds,  and  a 
red  flowered  stock  with  bro>vn  seeds.  These  statements  suggested  that 
the  stock  would  afford  excellent  material  fot  statistical  experiments 
upon  cross-breeding.  The  choice  of  this  genus  has,  moreover,  the 
following  advantages:  the  plants  are  hardy  and  flower  freely;  the 
flowers  are  fairly  easy  to  handle ;  self-fertilisation  occurs  in  the  course 
of  nature,  so  that  a  succession  of  generations,  thus  raised,  can  be  obtained 
without  other  treatment  than  that  of  covering  the  flowers ;  the  seeds 

•  Ed.  2,  vol.  2,  p.  71. 
t  1866,  p.  588. 
t  p.  143. 


ment,  viz.,  Jintpa  Bt'lhuloima  tv] 
nt  the  time  were  available  in  t 
Datura  Stramonium  and  1),  Tatnl 
fniited  forms  have  appeared  to  i 
on  hybridisation  to  be  favourable 

These  experiments  were  begun 
the  paperat  in  which  he  draws  a 
Mendel,  and  enumerates  various  oi 
law  holds,  including  among  them  J 
{flahra^  and  Datura  TcUula  and  Sti 
Oorrens}   published  an  account  o 
showing  to  what  extent  Mendel's  It 
stocks  which  he  employed.    In  add 
it  seems  desirable  at  this  point  to  gi 
results  obtained  in  our  experiments, 
they  have  revealed  more  complex  is 
examined  by  Correns. 

Throughout  these  experiments 
emasculated  (when  hermaphrodite), 
of  the  anthers  and  the  unfolding  c 
usually  taken  from  covered  flower 
unopened ;  in  the  case  of  some  hoa 
or  at  a  distance  from  those  under 
was  considered  unnecessary.  In  be 
the  plant  and  the  disposition  of  the 
buds  expanding  simultaneously  on  ai 
an  arrangement  which  minimises  \ 
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have  been  possible  without  seriously  reducing  the  number  of  experi- 
ments :  except  in  special  cases  therefore,  it  was  not  attempted. 

Preliminary  Statement  of  Results, — It  may  be  stated  at  once  that  the 
phenomena  in  Lychnis,  Atropa,  and  Datura  follow  Mendel's  law  with 
considerable  accuracy,  and  no  exceptions  that  do  not  appear  to  be 
merely  fortuitous  were  discovered. 

In  the  case  of  Matthiola,  the  phenomena  are  much  more  complex. 
There  are  simple  cases  which  follow  Mendelian  principles,  but  others 
of  various  kinds  which  apparently  do  nob.  The  latter  cases  fall  into 
fairly  definite  groups  but  their  nature  is  still  obscure. 

In  the  following  pages  it  will  be  convenient  to  deal  with  the  simpler 
cases  first. 

Lychnis. 

The  two  forms  L.  vespertina  and  L,  diuma  were  each  intercrossed 
with  white-flowered  and  red-flowered  glabrous  varieties.  L.  vespeiiina 
is  a  native  of  Cambridgeshire,  and  wild  plants  were  therefore  easily 
procured  in  the  neighbourhood ;  L,  diurna  is  not  found  in  the  county, 
and  seeds  of  this  form  were  collected  in  Cornwall.  For  the  glabrous 
varieties,  which  were  at  the  time  grovnng  in  the  Cambridge  Botanic 
Garden,  we  are  specially  indebted  to  Professor  de  Vries.*  All  the 
forms  are  perennial. 

The  discontinuity  between  the  hairy  and  the  glabrous  forms  appears 
to  be  absolute ;  among  the  whole  number  of  plants  raised,  not  a  single 
intermediate  was  observed.  Such,  however,  is  not  the  case  when 
characters  other  than  leaf  surface  are  considered,  as  e,g,j  colour  of 
corolla  (white  or  red),  position  of  capsule  teeth  (erect  or  recurved), 
colour  of  seed  (grey  or  black).  When  a  cross  was  made  between  the 
types  diflering  in  respect  of  these  latter  characters,  the  offspring 
exhibited  a  series  of  intermediate  forms.  The  corolla  varied  from  the 
deep  red  of  diuma  to  -the  palest  pink,  but  was  rarely,  if  ever,  pure 
white ;  the  capsule  teeth  might  be  directed  obliquely  upwards,  as  in 
vesjjeiiina,  or  be  turned  downwards  and  slightly  recurved,  or  be  in  any 
intermediate  position ;  but  the  rolled  form  characteristic  of  diuma  was 
extremely  rare.  The  seeds  were  of  all  tints  from  yellowish-grey  to 
black,  t 

*  The  discovery  by  de  Vries  of  a  wild  specimen  of  L,  vespertina,  var.  glabra^ 
nod  the  artificial  production  from  it  of  a  smooth  red-flowered  form  are  described  in 
his  '  Erfelijke  Monstrositeiten,*'  p.  10  (p.  26  of  the  French  translation)  ;  he  names 
this  red-flowered  form  L.  diurna^  yar.  glabra.  It  may  be  noted,  however,  that  such 
plants  grown  at  Cambridge  from  his  seed,  although  resembling  diurna  in  the 
colour  of  the  corolla,  had  not  the  recurved  teeth  characteristic  of  the  capsule  in 
that  foim ;  on  the  contrary,  they  were  in  this  respect  similar  to  the  white-flowered 
form  (i.  vesperiina^  var.  glabra)  from  which  they  were  originally  descended.  Th<? 
cliaracter^  of  hairiness  and  of  the  capsule-teeth  are  therefore  dissociable. 

t  For  a  detailed  description  of  hybrids  of  L,  diurna  and  L,  vespertina  see 
Oagnepain, '  Bull,  de  la  Soc.  Bot.  de  France,'  1897,  Tomes  43  and  44. 
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The  results  as  regards  hairiness  are  tabulated  in  the  succeeding  pages, 
in  which  the  different  forms  are  briefly  indicated  as  follows : — 

WH  =  L,  vespeiiiruij  plant  hairy,  flowers  white. 
RH  =  L,  diuma,  plant  hairy,  flowers  red. 
WG  =  Glabrous  variety  with  white  flowers. 

RG  =         „  „         „     red  „ 

» 

In  all  cases  the  cotyledons  are  glabrous,  but  the  seedlings  can  be 
sorted  as  soon  as  the  next  pair  of  leaves  appear.  In  the  glabrous 
varieties  no  hairs  were  observed  upon  any  part  of  the  plants  at  any 
time. 


Table  I. — First  Cross-bred  Generation  obtained  by  crossing  the  Hairy 
and  Glabrous  Forms  in  each  of  the  eight  possible  ways. 


Parentage* 

Number  of 
teed  parents. 

Number 
of  flowen. 

Number  of  offspring. 

Hairy. 

GUbrouf. 

WG  X  WH 

WG  X  RH 

RG    X  RH 

RG    X  WH 

WH  X  WG 

WH  X  RG 

RH   X  RG 

RH   X  WG 

5 
2 
4 
1 
4 
1 
3 
2 

6 
8 
6 

4 
12 

1 

11 

9 

91 

es 

183 
126 
100 
3 
208 
282 

1 

Total 

Indiridualt 

used  more  than 

once. 

52 

1006 

0 

*  Throughout  the  paper  expressions  in  the  form  A  x  B  indicate  that  A  is  the 
seed  parent  and  B  the  poUen  parent. 


EscperimeTital  Studies  in  the  Physiology  of  Heredity.  17 


Table  II. — Offspring  of  Croea-breds  when  fertilised  inier  se* 


Parentage. 


Number 

of  seed 

parents. 


Number 

of 
flowers. 


Number  of 
offspring. 


Hairy. 


Glabrous 


Totals  for  eaoh 
particular  kind 
of  union. 


Hairy. 


Glabrous. 


(RH  X  RG)  X  (BH  X 
RG) 


(RH  X  WG)  X  (RH  X 
WG) 


{1 


(RG  X  EH)  X  (RG  X 
RH) 


{ 


(RG  X  WH)  X  (RG  X 
WH) 


(WG  X  WH)  X  (WG  X 
WH) 


{I 


( WG  X  RH)  X  (WG  ) 
RH) 


17 
82 

81 

11 

47 
62 
28 


50 

16 

[87 
L  7 

12 


■5} 

10  J 


14 

6 
16 


} 


42 
187 

69 
69 

12 


27 
16 

41 

14 
24 


Total. 


408 


Expected  result,  8:1;  actual  result,  3  *2  : 1 


*  As  all  the  forms  employed  are  dicBcious,  fertilisation  of  the  cross-breds  inter  te 
is  necessary  wliere  the  alternttti?e  of  self -fertilisation  would  be  possible  witl^ 
hermaphrodite  types. 
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Tahiti  IIL — Ott'spring  of  Cross-breds  when  crossed  with  the  original 
Recessive  (Glabrous)  Form, 


PnrenlJigp. 


Number  of 


of 


Hairj,    GKI&broufi, 


(WH  X  WO)  ^  wa 

(WG  ^  Wir)   K  WG 
(RO    X  R^l)     X   RG 

{Kit    ^  \VU)    )t   WG  I      \ 


I 


31 
67 

77 
45 

18 

4 

16 
90 

9 

7 
fU 


271 
GOl 
75  h 
49j 

"I 

80J 


5 

24 
6 


!} 


ToUU  for  each 

partictilAf  kind 

of  union. 


HJairy, 


OlftVr 


220     f       »11 


IS 

110 

31} 


26 

£15 

42 
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Table  V. — Oflfspring  obtained  by  fertilising  the  Offspring  of  the 
Cross-breds  inter  se,  (a)  when  both  the  final  parents  are  hairy. 

(P)  „        „  „        „       glabrous. 


Parentage. 

Number 
of  seed 
parents. 

Number 

of 
flowers. 

Number  of  off- 
spring. 

Hairy. 

Glabrous. 

(a.) 

liWOr  X  WH)  X  WG]  X  [(WG  X  WH)  x  WG] 

[(RG  x  RH)  X  RG]  x  [(RG  x  RH)  x  RG] 

1 
1 

I 
I 

23 

87 

6 
25 

Total 

2 

2 

110 

»i 

Ratio 

8-6  : 1 

[(WG  X  WH)  X  WG]  X  [(WG  X  WH)  x  WG] 
[(RG  X  RH)   X  RG]  X  [(RG  x  RH)  x  RG] 

1 
1 

2 

1 

43 

1 

:     8 

1 

Total 

2 

2 

0 

61 

A  glance  at  the  preceding  tables  will  show — 

(1)  That  the  hairy  character  is  dominant  and  the  glabrous  recessive 
(Table  I).  Of  the  thousand  cross-breds  raised  from  various  unions 
between  hairy  and  glabrous  strains,  all,  without  exception,  were  hairy. 

(2)  That  such  cross-breds  invariably  yielded  both  dominant  and 
recessive  forms  if  fertilised  int^r  se  (Table  II),  or  if  crossed  with  the 
recessive  form  (Table  III) ;  in  the  former  case  in  the  proportion  of 
(about)  3  D  to  1  R,  in  the  latter  of  1  D  to  1  R ;  but  that  when  crossed 
with  the  dominant  form  the  offspring  are  again  all  dominant 
(Table  IV). 

(3)  That  when  the  offspring  of  cross-breds  were  intercrossed,  like 
with  like,  the  result  varied  according  as  they  were  of  dominant  or 
recessive  form.  Recessives  fertilised  ijUer  se  yielded  only  recessives 
(Table  V6),  but  dominants  (two  individuals)  similarly  fertilised,  yielded 
dominants  and  recessives  in  the  ratio  3*5  :  1,  thus  proving  impure 
dominants  (dominant  hybrids)  which  yield  both  forms  in  the  suc- 
ceeding generation;  had  either  parent  in  either  case  been  a  pure 
dominant,  the  offspring  would  presumably  have  been  all  dominant  (see 
Table  IV). 

These  results  clearly  show  that  in  the  above-mehtioned  fortns  of 
Lychnis  we  have  excellent  illustration  of  a  case  to  which  Mendel's  law 
is  wholly  applicable  as  regards  the  particular  character  oi  Wi  ^sosV^^i^. 
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Attiopa. 

Rcdproc^al  tToases  wore  tii;i<Ic  between  two  Individuals  of  A.  Sella* 
ilmim  ijipifff  {iVsw^v^  ln'own,  fruits  bl^ckj  item  tinged  with  red  —  B), 
and  a  vigorons  spucimcn  of  ,/,  UHlmlxmhiu  VM\luim  {flowers  and  fniits 
yellow,  stem  pure  green  -  Y).*     Both  forms  are  perennial. 

From  ci  oHsew  of  the  form  B  x  Y  1 00  plants  were  raised,  and  from  the 
reciprocal  nnions;  Y  x  TX  23G.  In  l>oth  sets  of  cross-breds  the  frtiit« 
(nunil)cring  in  the  three  yeai>^j  during  which  the  plants  have  b^n 
luider  observation,  aoi^ie  thon.Handi)  were  all  black,  and  though  the 
flowers  showed  sevend  !^ha<le,s  of  brown  they  never  varied  to  pure  3^ellow. 
The  stems  were  more  <fr  h^>^*s  dueply  tinged.  It  would  appear  then  that 
the  cokmi  of  the  type  forni  is  completely  dominant  in  the  fruit  of  the 
crossbred,  hvx  that  iji  the  corolla  and  stem  the  intensity  of  the  dark 
coloration  may  be  more  or  less  diminished.f 

II.   i >fi'^i tf i iig  of  Cro^neds, 

TwcTity-five  [lo\veT^^  on  as  many  cross-breds  wore  self -fertilised,  but 
(in  conficnucnk-e  prihM|>s  of  self-fitenlity)  set  nofriut;  offspring  were 
therefore  obtfiined  by  fertilising  the  croas-breds  with  pollen  from  the 
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these,  all  those  with  green  stems  bore  yellow  flowers  and  fruits,  those 
with  reddish  stems  brown  flowers  and  black  fruits,  but  the  latter 
were  more  than  twice  as  numerous  as  the  former  (197  B,  75  Y).  In 
view  of  the  earlier  observation  on  the  seedlings,  however,  it  seems 
extremely  doubtful  whether  any  reliance  can  be  placed  upon  the  final 
numbers.  Although,  therefore,  all  that  can  be  stated  with  certainty  is 
that  there  is  complete  agreement  with  Mendel's  law  in  so  far — (1)  that 
the  fruit  colour  of  the  type  form  is  completely  dominant  in  the  first 
cross-bred  generation,  whether  the  cross  be  of  the  form  D  x  R  or  R  x  D ; 
and  (2)  that  the  offspring  resulting  from  a  union  between  a  cross-bred 
and  a  pure  dominant  are  all  dominant,  but  that  when  the  cross  is 
made  with  a  pure  recessive  the  offspring  are  mixed  dominant  and 
recessive ;  nevertheless,  the  observations  made  at  the  time  of  germina- 
tion suggest  that  this  agreement  would  probably  prove  quantitative  as 
well  as  qualitative. 

Datura.     . 

The  following  forms  were  employed — 

1.  i>.  Stranu/nium  (stems  green,  flowers  white,  fruits  prickly). 

2.  D.  Stramonium,  var.  inermis  (stems  green,  flowers  white,  fruits 
smooth). 

3.  D.  Taiula  (stems  reddish,  flowers  violet,  fruits  prickly). 

4.  D.  Taiula,  var.  inermis  (stems  reddish,  flowers  violet,  fruits 
smooth). 

Reciprocal  crosses  between  these  different  types  showed  clearly  that 
of  the  two  pairs  of  antagonistic  characters  the  violet  colour  is  dominant, 
the  white  recessive,  and  similarly  that  the  armed  condition  is  dominant 
and  the  unarmed  recessive ;  also  that  these  results  obtain  whichever 
combination  of  forms  is  employed. 

Several  earlier  observers  have  selected  the  various  species  of  Datura 
as  affording  suitable  material  for  the  study  of  hybrids.  Naudin* 
crossed  D,  Stramonium  with  D,  Taiula,  and  D.  Taiula  with  D.  Stror 
imniuvi,  and  found  that  in  both  cases  the  first  generation  of  cross-breds 
resembled  D.  Tatula ;  in  the  second  generation  both  the  parent  forms 
appeared,  but  7).  Taiula  was  moi  e  abundant  than  D,  Stramonium — the 
actual  figures  are  not  given.  Similarly  with  D,  Stramonium  and 
D,  icems,  the  first  generation  i esembled  D,  Stramonium,  the  second 
produced  both  forms.  Later  Godron'st  results  appeared  with  a  record  of 
the  numbers  obtained.  This  observer  found  that  D.  BeitoloniiX  crossed 
with  D,  Tatula  yielded  offepriiig  all  resembling  D,  Taiula-^  but  that 

*  *  Nouv.  Arch.  Mu8.,'  1,  p.  41 ;  lor  the  earlier  literature,  see  Focke's  *  Pflanzen- 
Mischliuge/  p.  263. 

t  '  Mciii.  Acad.  StaiiiBl./  1864,  18(;5,  1872. 

X  l>.  Bertolonii  of  Godrou  ~  D,  istrwmoniMtn,  var.  inermis,  i>.  Itjtvia  of  ^audin 
is  a  whita*flowered  anarmed  form  not  rery  different  from  tb'i.  ' 
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among  the  29  plants  obtained  in  the  second  generation  three  distinct 
forms  occurred,  viz.,  TaJula,  Taftda  var.  iiiei-mis^  and  Stramonium^  and 
in  the  proportion  respectively  of  16, 11,  and  2.  It  will  be  noticed  that 
with  both  observers  Tcdula  was  found  to  be  a  dominant  form.  As 
regards  Godron's  second  result,  a  comparison  with  the  following  tables 
would  seem  to  show  that  the  numbers  in  the  second  generation  are  too 
small  to  afford  conclusive  evidence  either  as  to  the  possible  number  of 
forms  which  may  result  from  this  particular  union,  or  as  to  the  relative 
abundance  of  each. 

Frpm  two  other  experiments  described  by  Godron  it  would  appear 
that  the  offspring  of  cross-breds  imiy  exhibit  a  character  which 
.  had  not  (presumably)  been  introduced  by  either  of  the  original 
parents ;  <?.^.,  Stmrnoiiium  x  7at}iUt  yielded  in  the  second  generation 
the  four  forms  StrmnoninWy  Bertohmi,  T*iiuJn,  and  Tafula,  var.  inenni<y 
although  neither  of  the  original  parents  possessed  unarmed  fruits. 
Again  from  a  cross  l>etween  Tatula  and  Tatnh  var.  imrnm,  he  obtained 
in  the  second  generation  both  the,  parent  forms,  and  also  Beiiohmii, 
although  both  parents  were  of  the  dominant  colour. 

In  each  case  it  will  be  noticed  that  the  unexpected  form  of  offspring 
belonged  to  a  recessive  type.  These  results  are  at  variance  with  those 
detailed  below,  but  in  the  light  of  the  facts  which  we  now  know,  a 
possible  explanation  of  these  apparent  contradictions  at  once  suggests 
itself.  May  it  not  be  that  one  (or  both)  of  the  crossed  forms,  although 
apparently  piu-e,  was  in  reality  a  cross-bred — an  impure  dominant — 
exactly  resembling  the  pure  dominant  type  which  it  was  intended  to 
employ  1  Godron  states  that  the  type  forms  were  gi'own  together  in 
the  same  garden,  and  that  he  had  been  led  to  conclude  that  it  was  not 
necessary  to  cover  the  flowers  in  order  to  avoid  chance  cross-fertilisa- 
tion. If  then  it  is  also  borne  in  mind  that  a  plant  which  in  fruit-form, 
and  in  the  colour  of  stem  and  flower  has  all  the  appearance  of  a 
specimen  of  D.  Tatula,  may,  nevertheless,  when  self-fertilised,  prove 
by  its  mixed  offspring  that  it  is  not  "  pure  "  but  a  cross-bred  derived 
from  a  cross  vnlh  any  one  of  the  three  forms  Tatuln  var.  inermvi, 
Straimmmm,  or  Stramonium  var.  imrnm ;  it  seems  not  impossible 
that  such  an  unsu8i)ected  cross-fertilisation  may  have  occurred  among 
Godron*s  plants;  for  the  effect  of  such  a  cross  is  not  immediately 
apparent — not,  in  any  case,  until  the  next  generation  but  one.  These 
considerations  suggest  a  very  necessary  precaution  in  all  experiments 
of  this  kind,  viz.,  the  carrying  out  of  control  experiments  in  order  to 
test  the  purity  of  the  parent  plants.  When  the  immediate  parentage 
of  the  individuals  selected  for  crossing  is  unknown,  the  self-fertilisation 
of  additional  flowei-s  would  yield  valuable  evidence  in  corroboration  (or 
otherwise)  of  the  results  obtained  by  cross-fertilisation.  The  import- 
ance of  such  controls  in  cases  of  complete  dominance  is  obvious.  The 
alternative  hypothesis  is,  of  course,  that  an  original  variation  occurred. 
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Although  the  offspring  resulting  from  a  cross  between  any  two  of 
the  forms  employed  are  usually  indistinguishable  from  the  type  which 
is  dominant  as  regards  the  partic^Uu^ .  character  crossed,  yet  in  other 
cases  the  intensity  of  a  dominant  character  may  be  more  or  less 
diminished. lather  in  pturticular  individuals  or  in  particular  parts  of 
one  individual.  In  TatularStramonium  cross-breds  the  corolla  is  often 
paler  in  colour  than  that  of  the  dominant  parent  (as  has  already 
been  noticed  by  Naudin),*  but  even  in  the  palest  specimens  the 
deep  blue  colour  of  the  unopened  anthers  leaves  no  doubt  as  to  the 
presence  of  the  dominant  colour  element.  When  the  seedling  off- 
spring of  these  cross-breds  are  sorted  into  groups  according  to  the  pure 
green  or  reddish-green  colour  of  the^  hypocotyl,  it  was  noticed  that  the 
tint  in  the  red-stemmed  individuals  was  not  equally  pronounced  in  all 
cases.  The  occurrence  of  intermediate  forms  was  also  occasionally 
noticeable  in  the  fruits.  Among  the  large  number  of  capsules  ex- 
amined, there  were  some  of  the  mosaic  type,  in  which  part  of  the 
capsule  was  prickly  and  the  remainder  smooth,  while  others,  suggesting 
a  blend,  were  more  or  less  prickly  all  over,  but  the  prickles  were  much 
reduced  in  size,  and  often  formed  mere  tubercles.  These  mosaics 
occiu-red  as  rarities  both  on  prickly  individuals  and  on  smooth  ones 
still  more  rarely.  Naudin  observed  the  not  uncommon  occurrence  of 
both  these  intermediate  forms,  but  Godronf  only  records  a  single 
instance.  Such  intermediate  fruits  were  most  often  found  towards  the 
end  of  the  flowering  season ;  occasionally,  however,  the  first  fruit  of 
all  was  smaller  than  the  others,  and  in  that  case  often  less  prickly  also. 
Increase  in  height  and  sterility  of  the  flowers  at  the  lower  bifurcations 
occurred  among  the  cross-breds,  but  to  the  slight  extent  observed  by 
Godron,  rather  than  in  the  more  pronounced  degree  described  by 
Naudin. 

In  one  cross  Godron  obtained  from  Stramonium  x  Beiiolanii  plants 
all  like  Bertolonii,  as  stated.  Among  their  offspring  three  forms 
appeared,  Strat/ionium,  Bertolonii,  and  Tatula  inermis.  These  results 
are  at  variance  with  ours  obtained  from  the  reciprocal  cross  {Stror 
moiiium  inennis  x  arimita).  Here  the  offspring  resembled  anmvta^  and 
in  the  next  generation  only  the  parent-types  armatii  and  inermis  came. 
Moreover,  in  no  other  experiment  with  these  types  has  a  dominant 
character  (whether  armed  fruits  or  coloured  flowers)  appeared  among 
the  offspring  of  recessives.  Yet  in  this  one  case  both  results  are  said 
to  have  occiu-red.  Here  the  use  cf  a  DB  by  mistake  for  DD  would  not 
explain  the  contradiction,  and  \^  e  must  suppose  either  that  this  is  a 
true  exception,  or  that  error  occurred  in  the  experiment  or  description. 

An  analysis  of  the  results  of  the  various  unions  is  shown  in  the 
following  tables,  in  which  the  parent  forms  are  indicated  by  the 
abbreviations  T.  ar.,  T.  in.,  S.  ar.,  S.  in. 

*  Loc.  eit,  f  Loc,  oU, 
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L  Fir$i  Crass-breti  Generatitm* 
Table  VI. 


Parentage. 

Number 
of  B«ed 

Number 
of  flower*. 

Nujmber  of  <iffipTiDg* 

T.  or. 

T.  in. 

B.  &r. 

8,  in. 

T.  m.  N  T.  or. . . 
S.  ar.  X  T,  in,  . , 
T.  in,  K  a.  AT. . , 
S.  in  jf  T.  ar. , . 

2 

1 
1 
1 
B 

3 

Total 

1 
Totml 

1 

Total 
1 

Total 
3 

18 
29 
17 

68 

0 

0 

0 

28 

28 

0 

0 

0    1 

6L 

61 

0 

0 

0 

41 

1 

41 

I 

0 

0 

43 
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iinanned  races  are  intercrossed  the  armed  character  is  dominant,  and 
that  when  Tatula  and  Stramonium  forms  are  crossed  together  the  dark 
colour  of  the  former  is  also  dominant. 

II.  Offspring  of  Cross^eds, 

(a.)  When  Tatula  or  Stramonium  cross-breds  are  self-fertilised. 

Table  VII. 


Pareiitage. 

Number 
of  seed 
parents. 

Number 

of 
flowers. 

Number  of  offspring. 

Number  of 
seedlings. 

Number  of  plants  which 

T. 

s. 

T.ar. 

T.  in. 

S.ar. 

S.in. 

(T.  ar.  X  T.  in.)  x  self 
(T.  in.  X  T.  ar.)  x  self 
(S.  in.  X  S.  ar.)  x  self 

8 
2 

4 

8 

Total 
2 

Total 

4 

Total 

62 
31 
30 

123 

40 
84 

19 
18 
24 

1 
6 
5 

0 

61 

12 

0 

0 

19 

allk 

byf 

6 
iUed 
rost. 

88 

0 

19 

6 

0 

0 

64 

49 

10 

8 

27 

84 

6 

5 

16 
5 
2 
2 

0 

121 

0 

0 

72 

25 

Table  VII  shows  that  when  cross-breds  derived  from  unions  between 
armed  and  unarmed  races  of  like  colour  were  self-fertilised,  the  oflF- 
spring  also  were  of  one  colour,  uniform  with  that  of  the  parents ;  but 
that  as  regards  the  fruits,  they  were  in  each  case  divisible  into  two 
groups,  having  respectively  the  types  of  capsule  characteristic  of  the 
two  parents.  In  two  sets  out  of  the  three  the  totals  approximate 
very  closely  to  the  expected  ratio  3D  :  IR,  though  individuals  gave 
wide  results ;  the  remaining  set,  it  will  be  noticed,  includes  one  case 
in  which  there  is  a  considerable  discrepancy  between  the  theoretical 
3:1)  and  the  observed  (191),  IK)  result.  The  explanation  possibly 
ies  in  the  fact  that  more  than  two-thirds  of  the  seedlings  perished, 
and  therefore  the  final  numbers  may  not  represent  at  all  accurately  the 
original  proportion  of  the  two  forms.  If  this  case  be  excluded,  the 
agreement  is  fairly  precifle. 
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1 
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demanded  by  the  theory,  while  that  of  the  wholly  recessive  and  least 
frequently  occurring  form  S.  in.  is  considerably  below  the  calculated 
result.  In  considering  the  former  discrepancy  it  should,  however,  be 
borne  in  mind  that  any  errors  in  the  classification  of  the  many  seedlings 
which ,  perished  early  would  all  tend  in  the  same  direction,  viz.,  to 
increase  the  Stramonium  totals,  since  in  the  youngest  seedlings  the 
tinge  of  red  is  sometimes  so  faint  that  it  may  occasionally  have 
escaped,  notice  altogja^er;  and  regarding  the  latter,  that  in  many 
cases  the  number  of  Stramonium  plants  which  lived  to  maturity  was 
decidedly  ^mall. 

In  the  results  recorded  in  Tables  IX,  X,  and  XI  we  have  a  much  closer 
agreement  with  MendeFs  ratio.  Many  of  the  cross-bred  parents  here 
used  were  among  the  number  of  those  employed  in  the  prjO^^ing 
experiments,  where  the  expected  result  was  less  consistently  approached, 
but  there  are  manifestly  more  possibilities  of  fluctuation  in  t}ie.on^  case 
than  in  the  other. 


(y.)  When  the  cross-breds  are  crossed  with  the  original  recessive  form 

Table  IX. 


Parentage. 

(T.  ar.  X  T.  iu.)  x  T.  in. 

Expected  result 

(T.  in.  X  r.  ar.)xT.  in. 

Number 
of  8eed 
parents. 

Number  of 
flowers. 

Number  of  offspring. 

Number  of 
needlinps. 

Number  of  plants  w 
matured  fruits. 

hich 

T. 

S. 

T.  nr 

T.  in. 

S.  ar. 

S.  in. 

3 
2 

3 

Total 
2 

56 
36 
19 

23 
19 

8 

24 
13 
11 

Ul 
AU  T. 

0 

f)0 
i 

'48 
i 

.     ; 

45     1 

6 

7 

Expected  result 

(T.  ar.  X  S.  in.)  x  S.  in. 

Expected  result 

6 

Total 
6 

*    ! 

(Almo8t  all 

killed  hy 

frost) 

1 

;> 

? 
AU  T. 

0 

11 

i 

7 
i 

Not  re 

corded 

9 

8 
6 
8 

1 
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6 
6 
3 

1 

8 

0 

11 

5 
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7 
6 
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2 
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1 
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1 

1 
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1 

28  Mr.  W.  Bateson  and  Miss  E.  R  Saunders. 

(&)  When  the  crosa-breds  are  crossed  with  the  original  dominant  form. 

Table  X. 


Parentage. 

Number 
of  seed 
parents. 

Number  of 
flowers. 

Number  of  offspring. 

Number  of 
seedlings. 

Number  of  plants  whicl 
matured  fruits. 

T. 

8. 

T.ar. 

T.  in. 

£Lar. 

a.] 

(T.  in.  X  T.  ar.)  x  T.  ar. 

Expected  result 

(8.  in.  X  8.  ar.)  x  8.  ar. 

(8.  in.xT.  ar.)xT.  ar. 
Expected  retuU 

1 

i 

i 

•• 

1 

i' 

27 

AUT. 

79 
AUT 

51 

\AUS. 

23 

Allar. 

29 
AUar. 

34 
All  ar. 

(c.)  When  the  cross-breds,  whose  parents  each  combined  one  dominant  with  oi 
recessive  character,  are  crossed  with  one  of  the  parent  forms. 

Table  XL 


Parentage. 

Number 
of  seed 
parents. 

Number  of 
flowers. 

Number  of  offspring. 

Number  of 
seedlings. 

Number  of  plants  whicl 
matured  fruits. 

T. 

8. 

T.ar. 

T.  in. 

8.  ar. 

8.1 

(T.  in.  X  8.  ar.)  x  8.  ar. 
Expected  result 

8 

8 

Total 

59 

103 

7 

51 

108 

8 

3 
9 
6 

3 

7 
7 

169 

167 
1 

18 
AUar. 

0 

17 

AUar. 

0 

III.  Subsequent  GenenittoHs. 

Case  1.     Parentage  [(T.  ar.  x  S.  in.)  x  Self]  x  Self. 
Assuming  that  Menders  law  holds, 

T.  ar.  X  S.  in.  gives  all  T.  ar.,  impure,  because 

any  such  cross-bred  (T.  ar.)  x  Self  gives  a  mixed  offspring  in  the  pro 
portions  9  T.  ar.,  3  T.  in.,  3  S.  ai'.,  1  S.  in. 

But  of  sixteen  such  individuals  only  one  of  each  kind  (four  in  all)  is 
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pure,  yielding  its  like  and  only  its  like  when  self-fertilised  ;  from  each 
of  the  twelve  remaining  plants  (when  self-fertilised)  more  than  one 
type  will  be  obtained.     For 

the  9  apparent  T.  ar.  plants  represent  4  different  kinds  of  indi- 
viduals, viz. : — 

(a)  1  pure  T.  ar.,  yielding  only  T.  ar. ;  indicated  by  the  expression  T.  ar. 
(T.ar.). 

(b)  2  impure  T.  ar.,  yielding  T.  ar.  and  T.  iu.  in  the  ratio  of  8:1;  indicated 
by  the  expression  T.  ar.  (T.  in.). 

(r)  2  impure  T.  ar.,  yielding  T.  ar.  and  S.  ar.  in  the  ratio  of  3  : 1 ;  indicated 

by  the  expression  T.  ar.  (S.  ar.). 
{d)  4  impure  T.  ar.,  yielding  T.  ar.,  T.  in.,  S.  ar.,  S.  in.,  in  the  ratio  of  9 : 8 : 8  : 1 

indicated  by  the  expression  T.  ar.  (S.  in.). 

the  3  apparent  T.  in.   plants  represent  2  different  kinds  of  indi- 
viduals, viz. : — 

(e)  1  pure  T.  in.,  yielding  only  T.  in.;  indicate  by  the  expression  T.  in. 

(T.in.). 
(/)  2  impure  T.  in.,  yielding  T.  in.  and  S.  in.  in  the  ratio  of  3  :  1 ;  indicated 

by  the  expression  T,  in,  (S.  in.). 

the  3  apparent  S.  ar.  plants  represent  2  different  kinds  of  indi 
viduals,  viz. : — 

(ff)  1  pure  S.  ar.,  yielding  only  S.  nr. ;  indicated  by  the  expression  S.  ar. 

(S.  ar.). 
(A)  2  impure  S.  ar., yielding  S.  ar.  and  S.  in.  in  the  ratio  of  8  : 1 ;  indicated  by 

tlie  expression  S.  ar.  (S.  in.). 

the  1  S.  in.  is  pure,  yielding  only  S.  in.,  indicated  by  the  eicpression 
S.  in.  (S.  in.). 

Thus  it  is  obvious  that  only  in  the  case  of  those  among  the  offspring 
of  cross-breds  (self-fertilised)  which  exhibit  both  recessive  characters  is 
it  possible  to  know,  without  further  experiment,  with  exactly  what  kind 
of  individual  one  is  dealing.  In  the  following  experiment  a  single 
flower  was  self-fertilised  on  each  of  eight  individuals  selected  at 
random  from  among  the  offspring  of  cross-breds,  viz.,  3  T.  ar.,  4  T.  in., 
and  1  S.  ar.  The  results  tabulated  below  afford  a  striking  illustration 
of  the  Mendelian  principle. 
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NiimluT  of 

:?JiLU]hrr  of  planti  which 
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„  D  =  T,  in.  (T.  in.) 
,.   E  ^  T,  in.  (T.  in) 

prDbnblj 
,.  F  -  T.  in.  (S.  in.) 
!    ,.  a  ^  T.  in.  (S.  in,) 

U 

S.  lir. 

'     n 

1 

11 

6 

,.  H  =  S,  »r,  (8.  iB,> 

Case  2,  Parentage  [(T.  iir.  x  S.  in.)  ^  S.  in.]  x  Self. 

In  this  case  we  shonlil  expeet  to  find  that  only  ftuir  kinAs  of 
liTulividiials  wonld  occnr  amiHii^^  the  offapnrig  of  the  cross^bredi 
l(T.  Fir.  X  S.  in,)   resembling  in  iippoarnnce   the   fonr   type   forms,  sktuA 

lefore   that  all   thr>??o   of   ^iniiUir   appearance    vronld   give    similar 
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Case  3.     Parentage  [(T.  ar.  x  S.  in.)  x  S.  in.]  x  S.  in. 

The  offspring  of  any  individual  (T.ar.  x  S.  in.)  x  S.  in.  should 
in  this  case  exhibit  the  same  niunber  of  forms  as  the  offspring 
of  any  individual  of  similar  appearance  in  the  preceding  experiment, 
but  in  the  ratio,  when  mixed,  of  1 : 1,  instead  of  3:1.  Tne  qualitative 
result  was  obtained,  and,  considering  the  small  totals,  the  numbers 
may  reasonably  be  taken  to  indicate  a  quantitative  agreement  also. 


Plant. 

Tjpe. 

Number  of 
seedlings. 

Number  of  plants  which 
matured  froits. 

Conclusionfl. 

T. 

S. 

T.ar. 

T.  in. 

S.ar. 

S.  in. 

L 
N 
0 

(S.  ar.) 
(S.  in.) 
(T.ar.) 

43 

124 

115 

86 

15 

11 

23 
9 

18 
42 
18 

.-.  L  »  S.  ar.  (8. in.) 
„  N  «  8.  in.  (8.  in. ) 
„  O  =  T.  ar.  (8.  in.) 

Case  4.     Parentage  [(T.  in.  x  S.  ar.)  x  S.  ar.]  x  Self " 
Among  the  offspring  of  (T.  in.  x  S.  ar.)  x  S.  ar.,  we  find  two  forms 
only,  viz.,  T.  ar.  and  S.  ar.,  but  we  may  expect  each  form  to  include 
two  kinds  of  individuals ;  there  would  thus  be  four  kinds  of  individuals 
in  all,  of  which  one  alone  would  be  pure,  and  three  impure,  viz., 

(1)  T.  ar.  yielding  a  mixed  offspring  in  the  proportions  9  T.  ar., 

3  T.  in.,  3  S.  ar.,  1  S.  in. ;  .-.  T.  ar.  (S.  in.). 

(2)  T.  ar.  yielding  a  mixed  offspring  in  the  proportions  1  T.  ar., 

1  S.  ar. ;  .-.  T.  ar.  (S.  ar.). 

(3)  S.  ar.  yielding  a  mixed  offspring  in  the  proportions  1  S.  ar., 

1  S.  in. ;  .-.  S.  af.  (S.  in.). 

(4)  S.  ar.  yielding  a  pure  offspring  all  S.  ar. ;  .*.  S.  ar.  (S.  ar.). 

The  nine  individuals  selected  at  random,  viz.,  4  T.  ar.  and  5  S.  ar. 
justified  expectation. 
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Case  5.     Parentage  [(T.  in.  x  S.  ar.)  x  S,  ar.]  x  S,  an 
Five  of   the   in<li  vidua  Is  used   in   the   preceding   experiment,  Tiz., 
P,  Q,  R,  T,  IT,  were  srosj^etl  with  the  pure  form  S.  an ;  from  T,  U,  the 
ofTspi  ing  would  proi*ujiia1>ly  ho  all  8.  ai\,  while  from  Pj  Qj  and  E  alike^ 
if  the  coijcluaioris  stated  aliove  are  correct,  we  should  expect  the  result 
1  T.  ar.  :  1  S.  nr.     From  cfieh  intlividual  a.  result  in  accord  with  the 
cxiiecUilion  was  olataiueti 

riant. 

Ttjv?. 

Niimlior  of 
set'vlliiigs. 

Number  of  pluita  which  mmtured 

fnitt*. 

T,              S. 

T.  ftr. 
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(1\  ar.) 

m          74 

fi7              58 

49          r,ri 
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6S 
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(S.iif.) 
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Tot  Ell  . . 

184            187 
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m 

0             179 

■ 

Experimental  Studies  in  the  Physiology  of  Heredity,  33 

lAd  of  Types  used  and  their  Characters. 

The  various  races  of  stocks*  employed  differed  in  regard  to 

Habit,  whether  annual  or  biennial. 

Character  of  leaf  surface,  whether  hoary  or  glabrous. 

Colour  of  flowers,  various.! 

Colour  of  seeds,  whether  green,  brown,  or  intermediate. 

Type  1.  Biennial ;  leaves  hoary;  flowers  white;!  seeds  black  in  out- 
ward appearance,  this  colour  being  due  to  green  colour  in  the  embryo 
overlaid  with  a  violet  layer ;  obtained  from  a  coast-guard  station  in  the 
Isle  of  Wight,  and  probably  derived  from  the  wild  M.  incana. 

Type  2.  Annual ;  leaves  hoary  on  under  surface,  but  glabrous,  or 
nearly  so,  on  the  upper  surface,  a  condition  hereafter  called  "half- 
hoary  " ;  flowers  white ;  seeds  yellowish  brown  ;  from  same  locality  as 
Type  1.     Origin  unknown. 

Tjrpe  3.  Annual  "  ten-week  "  stocks ;  leaves  hoary ;  flowers  white ; 

3a,  Seeds  yellowish  brown ;  kindly  obtained  by  Mr.  Lynch  from 

the  Royal  Gardens,  Kew. 
Sh.  Seeds  yellowish  brown  (commercial  seed). 
Sr.  Seed  colour  unknown,  plants  found  in  a  Cambridge  garden. 

Of  these  three  forms  the  first  two,  3a  and  3/>,  were  indistinguishable 
in  appearance,  but  behaved  differently  in  crossing.  Of  3c  very  little 
was  known. 

Type  4.  Annual  "  ten-week  "  stock ;  leaves  hoary ;  flowers  purple ; 
seeds  green  (commercial  seed). 

Type  5.  Annual  "  ten-week  "  stocks  ;  leaves  glabrous  ;§ 

5a.  Flowers  white. 

5b,        „       cream  or  yellowish  white. 
5c,         „       red. 
5d.        „       pinkish  white. 
5e,         „       bluish  pink. 
(Commercial  seed.) 

*  Only  single-flowered  piants  were  chosen  to  breed  from  in  any  of  these  experi- 
ments. J')ouble8  constantly  presented  themselyes,  but  variations  in  respect  of  this 
character  were  not  considered.  Records  were  kept,  but  are  not  included  in  this 
paper.  Tlie  same  is  true  regarding  the  order  of  flowering  of  the  axes.  The 
character,  width  of  seed-wing,  us^^d  by  Correns,  was  not  studied. 

t  Unfortunately  we  hare  not  yet  fully  identified  the  colour  varieties  according 
to  the  seedsmen's  lists.  Mesttrs.  Haa(;e  and  Schmidt  have  kindly  supplied  us  with 
a  set  of  their  varieties,  and  from  the  descriptions  and  seed-characters  we  do  not 
doubt  that  our  "  cream  "  is  their  "  sulphur-yellow." 

X  In  1901  the  flowers  of  this  form  were  faintly  tinged  with  purple. 

§  In  these  forms  the  absence  of  hairs  is  absolute  in  many  individuals,  but  in 
some  cases  a  single  hair  or  group  of  hairs  may  occur  at  the  extreme  apex  of  the  leaf. 
The  cotyledons  of  all  types,  whether  glabrous  or  hoary,  are  invariably  glabroua. 

\> 


Seeds  yellowish  brown. 
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> Seeds  green. 


Tvpti  {}.  Annii^il  '*  ten  week  "  stocks;  leaves  glabroiifl;J 

6ft,  Flowers  light  piirple. 
Gfh  ^,  dark  purple. 
6/'.        „         clar ft  coloured. 

{Commesciid  ?^ecd.) 

Type  7.  ljitiinii;il  *'  linmiptoii  "  stocks;  leaves  hoary ;  flowers  white; 
Ij^eedK  inJcrniediate  in  f'fiIou!\  Ijccoraing  much  yellower  on  keeping, 

nuL^   Hources,     7h  was  represented    by   a 


-j^  I  S;iniplcs    from    v;uit 
r- ,  J  single  plant. 


Type   8,    Biennial    '"  Drompton  **    stocks  ;    leaves   hoary ;    flowers 
Ircddish  [lurple  ;  seeds  greeti. 


8f/ 


,     I  Various   phtnt:-   of 
(  wholly  unit  on 


unknown  origin  which  gave  results  not 


With  i\w  vKrvpimi  of  ;i^-,  4,  7,  and  8,  which  were  not  tested,  all 
these  varietic!^  have  hcen  found  to  breed  truly  on  seH-fertilisatioti. 
'Hie  lolnur  of  tfio  "^oimIs  was  found  to  he  due  to  two  diatuiet  factors  : 
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I.  First  Cross-bred  Generation. 
A.  Details  as  to  Offspring  of  Hoary  x  Glakrous.     (Table  L) 

From  Table  I  it  appears  that  when  the  hoary  forms  are  employed  as 
seed-parent,  the  hoary  character  is,  except  in  one  union  (Experiment  10), 
completely  dominant.  Of  about  a  1000  individuals  raised  from 
such  crosses  between  various  hoary  and  glabrous  strains,  all  were 
hoary.  It  is  noticeable  that  when  the  form  No.  2,  which  has  only 
the  underside  of  the  leaves  hoary  ("  half -hoary  ")  was  used,  the  retmli- 
ing  plants  were  completely  hoary  like  those  bred  from  a  completely  hoary 
parent.  To  this  statement  two  individual  offspring,  which  came  of  the 
half-hoary  type,  were  the  only  exceptions  out  of  more  than  100  plants 
thus  raised. 

The  exception  to  the  rule  of  universal  appearance  of  the  hoary  cha- 
racter is  found  in  Experiment  10.  In  this  experiment  two  sister  plants 
belonging  to  the  half-hoary  t3rpe  (2)  when  crossed  with  the  glabrous  form 
(5a)  produced  seventy-two  plants  all  glabrous,  although  when  crossed 
with  another  glabrous  strain  (6c)  the  same  two  individuals  gave  the 
usual  result  (Experiment  11).  Now  the  sister  plants  were  descended 
by  two  generations  of  self-fertilisation  from  a  common  grandparent, 
and  both  the  glabrous  strains  with  which  they  were  crossed  had  also 
been  raised  by  two  successive  self-fertilisations.  Both  the  parent  and 
the  grandparent  of  the  two  half-hoary  plants  had,  when  crossed  with 
the  glabrous  strains  bb  and  6a  respectively  (see  Experiments  7  and  1), 
produced  the  hoary  form  and  the  hoary  form  only,  but  whether  the 
unusual  result  in  the  third  generation  is  in  any  degree  to  be  attributed 
to  repeated  self-fertilisation,  the  evidence  to  hand  is  not  yet  sufficient 
to  determine.  As.  against  such  a  view,  however,  we  have  the  result 
obtained  in  the  experiment  with  the  other  glabrous  form  6c  (Experi- 
ment 11),  in  which  no  such  effect  was  produced. 

As  regards  seed-colour,  green  appears  usually  to  be  a  dominant, 
brown  a  recessive  character ;  but  the  intensity  of  the  green  colour  may 
become  so  much  diminished  on  crossing,  that  when  seen  through  the 
brown  testa,  the  net  result  may  be  a  more  or  less  intermediate  tint. 

As  regards  flower-colour  the  results  were  far  more  complex,  the 
product  of  combinations  of  identical  colours  varying  according  to  the 
particular  strain  employed.  It  will  therefore  be  more  convenient  to 
treat  the  question  of  flower-colour  when  the  results  of  the  crosses 
glabrous  x  hoary  detailed  in  Table  II  have  also  been  considered. 

B.  Details  as  to  Offspring  Glabrous  x  Hoary. 

From  Table  II  it  will  be  seen  that  in  ten  out  of  the  fourteen  fruits 
obtained  in  the  first  year  (1897-8),  from  a  cross  between  a  brown 
seeded  glabrous  type  and  the  black  seeded  hoary  type  I  (^x:^Ta&sicXj^ 
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19 — 23  without  asterisks)  tJie  seeds  were  uniform  in  colour  f^iwn), 
■and  sample  sowings  yieldeti  boary  plants  only.  In  the  four  rerajujiing 
iruits  borne  by  sorae  of  the  same  indivitiimls  {Ex|>eriQieiits  20  and 
■22)  the  seeds  were  mixed— green ,  intermediate  {the  embryos  t>eiiig 
(either  yellowish  green,  or  green  with  yellow  radicles),  and  bi-oWTi — 
and  gave  rise  to  a  mixed  offspring.  These  green  aeeds^  like  those  from 
fruita  with  green  seeds  ouhj,  g^ve  rise  to  hoary  plants,  the  UrowTi  seeds 
to  glabrous  plants,  and  the  intermediates  to  both  form«.  In  these 
experiments  the  boary  |>arent  was  white  flowered.  The  glabrous 
parent  was  either  white^  erm'iu^  vM^  m'  pinkUh,  Nevertheless,  iiTeapec- 
tive  of  the  colour  introducefi  l>y  the  glabrous  parent,  all  the  hour^ 
offspring  were  jfiaph  without  exception*  The  glaliroua  offspring* 
however,  invariably  exhihited  the  colour  of  their  glabrous  parent. 

When  one  individual  belonging  to  each  of  the  four  ijn^ea  seeded 
glabrous  strairis  was  crossed  with  the  same  btuc^  seeded  hoary  type  I 
(Experimei]ts  24—37  without  asterisks),  the  resulting  seeds  w©re  of 
one  type  of  colour,  either  pure  or  rusty  green,  and  afforded  no  tuilica 
tion  as  to  the  nature  of  the  future  plants.  A  full  sowing  fr^itn  one 
individual,  and  sample  sowings  from  two  others^  produced  forty -two 
plants  all  hoary ;  from  the  remaining  individual  a  mixed  ofiapriiig  was 
obtained,  in  which  ha  before  the  colour  of  the  Howers  of  the  glabroun 
plants  resembled  that  of  the  glabrous  parent.     ^The  hoary  eroes^breds 
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parents  were  in  each  case  descendants  (by  self-fertilisation)  of  the 
original  plants. 

In  these  unions  of  1898-1900  (Table  III),  the  occurrence  among 
the  offspring  of  a  larger  or  smaller  number  of  recessives  (glabrous) 
was  the  rule  rather  than  the  exception.  Complete  prevalence  of  the 
hoary  character  was  only  obtained  in  the  four  experiments  (30 — 33) 
in  which  the  hoary  parent  was  a  purple-flowered  Brompton  stock, 
and  in  two  out  of  the  three  cases  in  which  the  white-flowered 
Brompton  form,  7f,  was  employed  (Experiments  37  and  45).  In 
the  remaining  cross  with  Tc,  in  all  those  with  the  other  white-flowered 
Bromptons  la  and  Ih,  with  the  white-flowered  annual  3c,  and 
with  the  purple-flowered  annual  4,  the  offspring  included  some 
recessives.  Keference  to  the  table,  however,  will  show  that  in  those 
cases  in  which  the  offspring  were  mixed,  the  mixed  result  was  not 
given  by  every  seed  parent  employed,  but  by  particular  individuals 
or  even,  indeed,  by  particular  flowers.  For  in  some  cases  in  which 
several  flowers  on  the  same  individual  were  crossed,  the  offspring  of 
some  were  mixed  and  of  others  not.  It  is  not  surprising  therefore  that 
when  the  totals  o])tained  in  the  different  unions  are  compared,  no 
constant  proportion  between  the  two  characters  is  discoverable.  So 
far,  however,  the  irregularity  of  these  results  remains  unexplained. 

In  regard  to  seed- colour,  in  the  four  experiments  (42 — 45),  where 
f//y?<'w-8eeded  glabrous  strains  were  crossed  with  the  white-flowered 
Bromptons  (seeds  intermediate)  the  results  varied;  twice  the  seeds 
were  all  green,  once  mixed,  and  once  difficult  to  classify.  When  brovmr 
seeded  glabrous  strains  were  crossed  with  the  same  white  Bromptons 
(Experiments  35 — 41)  the  resulting  seeds  were  never  uniformly 
coloured,  though  occasionally  all  those  in  a  single  fruit  were  alike. 
Never  theless,  a  comparison  of  the  numbers  failed  to  reveal  any  constant 
proportion  between  the  various  seed-colours.  In  the  cases  in  which 
brown-seeded  glabrous  strains  were  crossed  with  purple-flowered  forms 
(seeds  green)  we  find  the  same  irregular  result  as  before  in  the  cross 
with  the  annual  type  4  (Experiment  34),  but  with  the  Brompton  strains 
the  case  is  very  different  (Experiments  30—32).  In  the  unions  with 
8^  and  8r,  the  green  colour  was  completely  dominant,  with  %ii  equal 
numbers  of  brown  and  green  seeds  were  produced,  the  colours  being 
well-marked  and  without  intermediates.  This  equality  in  the  totals 
was  further  borne  out  by  the  figures  obtained  for  each  individual,  but  it 
is  of  interest  to  note  that  a  similar  uniformity  of  distribution  did  not 
always  extend  to  the  separate  flowers.  Although,  as  a  matter  of  fact, 
every  cross-bred  fruit  contained  both  seed  forms,  yet  in  some  there 
were  only  one  or  two  of  one  or  other  colour. 

The  occurrence  here  of  both  seed-colours  recalls  the  mixed  result 
obtained  in  some  cases  in  the  preceding  year  with  the  hoary  t3rpe 
No.  1.     In  those  cases,  however,  there  was  uo  constant  proportion 
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between  the  two' colours,  aiicl,  on  the  other  hiiuci,  brown  seerl^ccilcfttr 
was  correlated  with  glabroiija  leaf-cbanicter.  It  shouh]^  hoM'evcr,  Iw 
stated  that  the  seed-r^lmir  punty  of  the  type  8ft  was  not  s&jiari'^taljr 
teated:,  as  was  done  in  the  case  of  type  1 ,  and  that  the  product  ion  of 
etpial  immhers  of  the  two  s^jed-colours  is  precisely  the  i^e^ult  which  wc 
Bhould  expect  if  Ba  were  oot  a  pure  colour  form,  hut  iLe»lf  u  ert>«!*- 
bred  in  this  respect.  This  possibility  caiujot  now  he  disproved  ;  btit  it 
may  he  noted  that  Trevor  Clarke  obtained  a  like  reiiUt  from  a  crosn 
betweer^  a  browu-seeded  and  a  blaok-seedefl  fortn^  50  per  cent,  of  the 
eeede  coming  black. 

Finally  in  the  remaining  union  (Experiment  33),  in  which  both 
parents  were  green  seeded,  the  resulting  seeds  were  all  green, 

A  further  attempt  to  obtain  confirmation  of  the^se  i^esults  was  made, 
especially  in  view  of  the  apjiearance  at  this  point  of  Correns'*  "Levkojen- 
bastai'de."  Commenting  upon  Trevor  Clarke's  reeiilte,  w^hich  iirts  ikt 
variance  with  his  own  observations  regarding  the  complete  domiiianet! 
of  the  hoary  character,  he  suggests  that  the  occiu^rence  of  u  mixed 
oflfepring  in  the  first  generation  is  to  be  attributed  to  aiib^ietiticnt 
(1  self)  fertilisation.  Such  an  ex[jlanation,  however,  takei  no  aecoaiit  of 
ihe  alteration  in  habit  of  the  glabrous  plants  which  l>©vor  Clarka 
describes,  a  fact  which  would  seem  to  vindit^ate  the  accurtkey  of  hii 
experimcnts.t     ft  seems  equally  unlikely  that  the  OKO&p^nB  to  th$ 
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of  cases ;  but  further  experiments  are  needed  in  order  to  determine 
how  far  we  are  here  dealing  with  a  question  of  strain,  of  the  individual, 
or  even  of  separate  flowers,  or  to  what  extent,  if  any,  these  results  are 
dependent  upon  varying  conditions. 

Subsequent  experiments,  which  will  be  set  forth  in  detail  hereafter, 
showed  that  the  constitution  of  the  dominant  offspring,  produced  in 
these  crosses,  differed  radically  from  that  of  the  recessives.  For  while 
the  former  (hoary)  were  proved  to  give  rise  to  mixed  offspring  in  fair 
accordance  with  Mendelian  expectation,  the  latter  (glabrous)  hehnved 
as  pure  gldbiom  forms,  giving  rise  to  glabrous  offspring  ordy,  when  self- 
fei'tilised. 

This  phenomenon  is  discussed  hereafter  in  connection  with  others  of 
a  like  nature  (p.  154). 

C.  Flower-colour  of  First  Cross-bred  Generation, 

To  return  to  the  question  of  flower-colour,  the  results  in  both  sets  of 
experiments  (A  and  B)  may  be  most  easily  gathered  from  the  following 
schedule,  in  which  the  various  unions  giving  an  identical  result  are 
grouped  together  in  each  column. 

In  regard  to  the  recessive  offspring  such  a  schedule  is  unnecessary, 
since  in  each  case  the  flower-colour  of  recessive  offspring  resembles 
that  of  the  recessive  parent,  though  whether  the  shade  was  identical 
in  all  cases  is  not  certain. 

In  the  table  (p.  46),  the  crosses  hoary  x  glabrous  and  glabrous  x  hoary 
have  been  separated  for  convenience  of  reference,  but  there  is  no 
reason  to  suppose  any  significance  (in  regard  to  flower-colour)  to 
attach  to  the  circumstance  of  the  way  the  cross  was  made.  Flower- 
colour  was  not  a  primary  subject  of  these  experiments,  and,  as  it 
happens,  no  true  reciprocals  were  flowered. 

The  coloured  forms  red,  pink,  purple,  claret,  have  not  yet  been 
crossed  inter  se. 

In  each  case  one  parent  was  white,  except  in  one  instance  when  cream 
was  crossed  with  purple  (13).  No  white  offspring  were  produced  in 
first  crosses.  In  some  cases  there  was  obvious  blending,  as  for  example 
when  white  crossed  with  red  or  claret,  gave  pink.  More  often  the 
result  was  a  wholly  new  colour,  and  except  in  four  cases  (6,  9,  27, 135), 
always  some  shade  of  purple,  but  varying  in  tint  even  in  crossings  of 
similar  colours  according  to  the  particular  strains  employed.  Not  only 
are  such  purple  offspring  produced  when  some  of  the  coloured  forms 
are  crossed  with  white,  but  even  in  the  crosses  bettoe^n  two  distinct 
white  forms  (10,  19,  24).  Possibly  we  have  here  a  reappearance  of  the 
colour  commonly  occurring  in  the  wild  species  (inama\  from  which  the 
hoary  garden  stocks  may  have  originated — a  case  in  fact  of  **  reversion  " 
(see  p.  144).    In  the  four  exceptions  6,  9,  27,  135,  in  which  cream  was 
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crossed  with  white  or  purple,  we  have  the  unexpected  appearance  of 
pink  or  red ;  a  similar  occurrence  was  observed  by  Correns  among  the 
offspring  of  cross-breds  whose  parents  had  "yellowish  white"  and 
"violet"  flowers  respectively. 

In  connection  with  the  question  of  colour  one  point  of  interest  may 
he  briefly  mentioned  here,  viz.,  the  occiu-rence  of  "  flaking."  Although 
this  phenomenon  was  occasionally  observed  in  the  coloured  pure  strains, 
even  when  repeatedly  self-fertilised,  it  was  not  very  common ;  among 
the  coloured  cross-breds,  however,  it  was  almost  universal.  Plants 
which  at  first  produced  exclusively  self-coloured  flowers,  as  the  season 
advanced  bore  flowers  speckled  or  streaked  with  white.  In  some  cases 
the  last  flowers  were  even  entirely  white.  Such  flaking  was  recorded 
in  thirty-one  out  of  thirty-nine  combinations  in  the  first  year,  and  in 
forty-one  out  of  forty-three  in  the  second.* 

D.  Seed-colour  of  First  Cross^ed  Oeneraiion. 

When  brown-seeded  and  green-seeded  types  (including  "  black  ")  were 
intercrossed,  green  was  generally  dominant,  though  exceptions  were  seen. 
When  })rown8  were  crossed  with  the  intermediate  type  7,  the  results  were 
irregular.  Similarly  when  greens  were  crossed  with  these  intermediates 
the  results  were  sometimes  irregular.  When  browns  were  crossed 
with  browns,  the  one  being  glabrous  and  the  other  hoary,  the  result 
was  four  times  })rown,  once  greenish,  once  intermediate,  and  twice  a 
mixture.     Green  (including  "  black  ")  with  green  always  gave  green. 

When  in  first  crosses  gUibrom  plants  were  produced,  these  arose  from 
seeds  similar  to  those  of  the  glabrous  parent,  except  in  one  case  where 
the  intermediate  type  7  was  used.  In  that  case  glabrous  plants  came 
from  l)oth  gi-een  and  hrovm  seeds. 

II.  Posterity  of  Cross-breds. 

The  offspring  of  cross-breds  will  be  described  in  the  following 
order : — 

1.  Offspring  of  cross-breds  produced  from  (D  x  R).t 

A.  JFhen  D  ami  R  toere  hromnrseeded  and  green-seeded  respectively. 

((.  When  the  cross-breds  were  fertilised  with  a  recessive  form. 

(Table  IV.) 
h.  When  the  cross-breds  were  self-fertilised.     (Table  V.) 
r.  Subsequent  posterity  derived  from  the  foregoing.     (Table  VI.) 

*  Such  ilaking  is  exceedingly  common  in  the  lale  flowers  of  Sweet  Peas. 
t  In  what  follows,  the  classification  into  D,  dominant,  and  B,  recessiye,  refers 
to  the  characters  hoariness  and  glabrousness,  respectiTolj. 
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I!.   If  Iff  ft  I)  tfii'l  /'  wtm*  both  btvmt'Sefded^ 

*f.  When  the  cross-brcds   were  fertilLsed  with  a  recoeaive  foroL 

(TaMe  VTL) 
k  Vi'hcn  the  cTOss-hreilt^  svere  self -fertilised,     (Table  VIIL) 
f\  Subsequent  pnsterity  derived  from  the  foregoing,     (Table  IX.) 

It  WAS  thrtuirhl  desirulilu  In  inenent  the  set  of  residts  contained  in  A 
LwpHrjLtely  ivoni  those  in  II,  siihl*  tho  wholly  imexpeeted  results  obtained 
in  I!  (flCLtion  tt)  were  iibsjiint  frum  the  corresponding  seetion  in  A^ 
2.  OUtjpring  uf  cim!i?lirc*U  produced  from  (K  x  I))* 

If.   When  the   crrk^sd^reds  were   fertiliBed  with  a  recessive   form. 

(Tiiblc  X.) 
//.  When  the  cross- href  la  were  self-fertihsed.     (Table  XL) 
c.  Offspring  of  dominjufct  iroF^s-bredi  produced  in  2a.     (Table  XII 

andTnblc  XT II.) 
fL  Wht'n  the  iiio^^.s-liredi^  were  fertilised  with  a  dominant  fornix 

Urifler  thepe  heads  v^'e  hiivc  tn  coru^ider  the  results  of  self-fertilising 
Icrosfl'breds  (DR  x  self)  smd  jdso  the  results  of  fertilising  cross-bredi 
■  with  recessive  (DU  h:  h')  and  dominant  (DR  x  D)  forma.  Sub- 
lae^incntly  we  shall  havi'  to  describe  in  each  case  experiments  in  \rhich 
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a  well  marked  though  not  an  absolute  correlation  between  seed-  and 
flower-colour.  With  few  exceptions  the  pinkish  flowers  were  derived 
from  the  brown  seeds,  and  the  purple  from  the  green,  so  that  as 
regards  flower-colour  the  recessive  offspring  derived  from  brown  seeds 
more  nearly  resembled  their  recessive  parent,  those  from  green  seeds 
their  more  remote  recessive  progenitor. 

In  the  parallel  experiment  with  (35),  the  seeds  were  uniformly 
coloured  (green)  but  every  individual  produced  a  mixed  offspring, 
though  the  final  result  (Experiment  50)  was  rather  farther  from  the 
ratio  1:1. 


b.   IFhen  the  Cross-beds  were  Self -fertilised. 

The  results  recorded  in  Table  V  were  obtained  when  the  identical 
cross-breds  employed  as  seed  parents  in  Experiment  49  were  self- 
fertilised  instead  of  being  crossed  with  a  recessive  form.  The  seeds, 
more  difficult  to  sort  than  in  the  previous  case,  again  showed  a  roiigh 
equality  in  the  two  type-colours,  but  the  percentage  of  intermediates 
was  much  greater  than  before.  From  each  individual  and  from  each 
kind  of  seed  a  mixture  of  plants  was  obtained,  the  green  and  inter- 
mediate seeds  giving  rise  to  a  majority  of  hoary,  the  brown  to  a 
majority  of  glabrous  plants.  The  totals,  however,  showed  a  proportion 
of  glabrous  plants  far  in  excess  of  the  theoretical  ratio  of  1 :  3. 

The  above  results  will  be  considered  in  connection  with  those 
obtained  in  the  next  generation. 
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c.  Sid}srqueni  Pmieiity  d&rived  frmn  fJie  foret^mn^  (Tnhh  Viy 

In  ExperiTnenta  52  aud  53  (Table  VT)  wo  havo  reeillta  aiHlillir  U> 
ihoBe  given  in  Tjtblc  lY,   the  ratio  of  D  to  R  being  again  not  lar  ^ 
Tom  1  :  L 

In  Ex^ieriment  54,  as  in  the  compatible  oaae  in  the  preceding  generaf-l 
^on  (Tabic  V),  we  find  that  the  numl>er  of  glabrous  pbmta  is  far  Nk>  I 
ligh;  la  it  that  when  the  more  hoary  form  3/j  ia  substituted  for  the  \&m\ 
aoary  form  2  (Experiment  55),  the  result  is  exaet — 3D  :  IR^ 

In  Experiment  56,  in  which  we  should  expect  either  31)  t  IR  or  el«i' 
DiJy  doruinants,  according  as  the  individual  happened  to  !«}  u  DR  or  «i 
pure  D,  it  appears  that  three  of  the  five  individual e  seletited  at  random 
were  DR  and  the  ren^alning  two  pure  D*  Some  of  the  offspring  of 
the  two  ktter  plants,  however,  and  also  of  one  of  the  former,  werofll 
[ml f 'hoary  like  the  original  hoary  parent  (type  2),  or  were  even  less 
boary  still,  so  that  when  quite  young  they  might  easily  be  nuBtJiken 
for  glabrous  plants.  Among  the  offspring  of  all  the  DR  intlividiuila 
there  was  the  usual  high  percentage  of  receSBives.  In  Experiment  1)7, 
%  plant  approaching  the  half -hoary  character  of  type  *2  (tJiieect  ivuxa 
[2  X  6)  K  self  in  Experiment  51)  gave  on  aelf-fertilifiation  no  otfsprinl 
fully  hoary,  but  only  intermediate  and  gUbrouy  plants. 

TiJifltlv     in    fhn  fivfl   rprnftininfy   triala;  /'Kxni*T'im**»it    5ft '^     in  urKjr^Vi 
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Sample  sowings*  (in  ^aeh  case  of  more  than  100  aeetb)  further  showed 
that  the  groen  seeds  gave  rise  to  hoary  plants  beating  piirpl^  flowert, 
a  colour  not  found  in  either^  piirents  or  grand  j^r  en  Is,  and  the  browti 
seeds  to  glabrous  plants  with  white  flowers  like  those  of  their  rece^aive 
parent,  and  dominant  grandparent.  We  may  therefore  cob  elude  that 
the  rough  equality  in  the  tot^-ils  for  seed-coloui^  indicates  in  this  cmmc  m 
corresponding  agreement  iji  the  totals  for  the  two  kinds  of  plant* 
differentiated  as  to  flower-cok^iir,  and  fair  consistency  with  Mendal'i 
ratio.  There  are  indications  that  such  eoiTolation  between  the  flower* 
colour  and  the  leaf-character  may  sometimes,  as  here,  be  deitnitOi 
though  the  experiments  show  considerable  irregularities  in  this  respeet. 
{The  8  intermediates  were  not  sown.) 

In  Experiment  60  in  which  (5&)  was  employed  in  plaee  "of  {5ii)| 
the  seeds  though  varying  from  brown  to  greenish  were  naoetly  of  a 
nondescript  intermediate  tint  diflicult  to  classify.  As  the  seeds  eotilil 
not  l)e  f^itisfactoiily  sorted  all  were  sown,  and  252  hmrif  {imhtdim^  5 
ijiffrmediateii)  aiul  tmltf  15  fflabrf*n}<  phnt4  were  obtained  instead  of 
3  r  L  The  latter  plants  Iwro  pink  flowers.  Of  the  former  isome  fifteen 
specimens  were  grown  to  matm^ty,  and  bore  flowers  \'^arying  from  red 
to  bluish-pink.  Coincident  with  the  absence  of  typical  green  scetls,  we 
have  the  complete  disappearance  of  the  pm^ple  flowers  ch arac teristig  - 
of  the  corresnnndine  ofF^nrini?  in  the  urecedini?  exnenmenfcu  and  tMHI 
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In  Experiment  64  the  offspring  were  too  few  (three)  to  give  a  decisive 
result. 

In  Experiment  62  the  disappearance  of  the  recessive  form  appears 
to  be  complete ;  for  we  have  tlie  reimirkdble  result  that  out  of  a  total 
offspnng  numbering  163,  not  a  dngle  plant  was  glabrous^  though  two  of 
these  seed-plants  gave  mixed  offspring  on  self-fertilisation  in  Experi- 
ment 67.  Finally,  in  Experiment  65,  in  which  R>  differs  in  seed-colour 
from  Ri,  we  have  a  Mendelian  result,  both  as  regards  seed-colour  and 
leaf-character.  These  results  will  be  considered  in  connection  with  the 
general  statement  of  conclusions. 

In  regard  to  seed-colour  the  results  were  no  less  puzzling.  In  all 
cases  the  seeds  were  mixed.  In  the  two  experiments  (59  and  65)  in 
which  a  nearly  Mendelian  result  was  obtained,  we  find  complete  corre- 
lation between  seed-colour  and  leaf-character  in  the  former,  and  distinct 
evidence  to  the  contrary  in  the  latter.  In  Experiment  63  the  correla- 
tion is  imperfect ;  green  seeds  produced  hoary  plants,  but  brown  seeds 
produced  both  forms.  In  Experiment  61  there  is  also  some  indication 
of  correlation.  In  Experiment  62,  on  the  other  hand,  the  seed-colours 
afforded  no  clue,  for  all  alike  gave  rise  to  hoary  plants. 

These  resiJts  will  be  discussed  hereafter.  Attention  must  be  directed 
to  the  fact  that  while  on  the  one  hand  unions  in  the  form  DRi  x  R2 
gave  Mendelian  results  in  both  trials  in  which  Ri  and  R2  were  green- 
seeded,  and  in  the  one  trial  in  which  Ri  was  brown-seeded  and  R^ 
green-seeded;  those  in  which  Ri  and  R2  were  both  brown-seeded  did 
so  in  one  case  only  out  of  five.  It  is  characteristic  of  these  aberrant 
cases  that  there  is  an  overwhelming  preponderance  of  dominants. 
This  discrepancy  is  certainly  not  fortuitous ;  for  either  the  one  or  the 
other  result  can  be  obtained  from  the  same  DR  individual  by  an  appropriate 
selection  of  tJie  second  recessive  parent,     (See  Experiments  85  and  87.) 

What  determines  the  several  results  is  entirely  imknown.  Ri 
differs  from  R2,  so  far  as  we  can  tell,  in  nothing  but  colour. 

k  IVhen  the  Cross-breds  loere  Self 'fertilised. 

Turning  now  to  the  results  obtained  on  self-fertilisation  (Table  VIII), 
in  Experiment  66,  as  in  the  previous  case  in  which  the  half-hoary 
form  (2)  was  used  (Experiment  51),  the  glabrous  offspring  were  far  in 
excess  of  the  Mendelian  proportions  of  1:3.  Allowing  for  the  pos- 
sibility that  seedlings  which  "damped  off"  very  early,  classifiecl  as 
glabrous,  may,  in  reality,  have  been  intermediates,  the  excess  would 
remain  considerable.  The  flowers  of  the  glabrous  offspring  were  white 
or  pink,  not  red  as  in  the  recessive  parent ;  those  of  the  hoary  plants 
white,  pink,  or  red.     The  seeds  were  not  classified. 

In  Experiment  67  there  is  a  similar  discrepancy  between  the 
expected  and  the  observed  results,  245D  131R  instead  of  3  :  1^ 
although  in  this  case  the  dominant  parent  (3/t)  was  a  fully  hoary 
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IfniMii.  The  fli^vi^iTs  of  |>L'MiU.  whether  glabrous  or  hoary,  derived  from 
lt,n  ceil  st^tMl-^,  ^y^'vi'  piir]>]e ;  those  from  brown  seefLs,  pink  or  more 
Iraiuly  white  ;  an  the  utht^r  hand,  there  appearmi  to  be  no  correlation 
I  between  ^nJ-rfjlour  anrl  h^fif-ihamrter  in  this  particular  case. 

In  Experiment  68  we  have  the  exact  result  3D:  Hi.  The  soeils^ 
Intilike  thoec  in  the  two  precuHin^  cxperimentiS,  were  all  of  one  colour^ 
h r  <> w n .     The  p  1  a n L^  were  1 1  e >^ t t'ny ed  1  >ef o re  fi o we ri ng . 

The  results  in  FIxjjerlmenLs  Gij  and  68  confirmed  those  obtained  in 
jKxperimenis  fd,  54,  "jCj,  The  LTosa-breda  3&  x  a  recessive  (whether 
Igreen- iir  bmwn-Bce<k'(l)  ^^ase  a  Meridelian  result  on  self-fertilisation  ; 
1  whereas  hybri^ii^  arising  from  the  half-hoary  type  2  x  a  recessive  gave, 
Init  SI.: If- fertilisation,  moje  than  half  the  total  offspring  receBsive.  In 
iKxperiTiient  G7  -the  case  of  cross- breds  3tf  x  5c— though  3(i  is  a  form 
|ti>  all  appearain:es  Siimilar  to  WK  ^he  result  of  self- fertilisation  is  of  the 
ime  exr  ij|i!Jnnnl  rhar;n;ier  i\)r  ihat  given  by  the  cross-breds  containing 
Itlse  half  hijai  y  typt\  i 


\u  Kxporfmentw  GlJ—  7  1  ^ve  have  result*  obtaine^Hrom  a  third  crossing 
Iwitli  a  retensive  fomi,  when  H-  was  itgain  used  as  the  recessive. parent 
l(Idvi  X  f^:!)  ^^^M     All  the  individual    nmtingfs  in   four    combination^ 
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is  Mr.  W.  Babeson  and  Miss  K  R  Saundem. 

Otherwise  expreasod : — 


J 


Indivifluals  used  as  $  s 


aleo 


iti  Expenmcjit  73   gave  a  Men- 
deUan  resultr  when  crossed  with 

ill  Exporiment  77   gave  an  uh&^ 
rant  reault  when    eroded  wj 


1 


Tndividujil   recesaives    uaetl    as 
J  B  in  the  third  pollination 


'  in  Experiments  69,  71,  7S  gave  i 

Mendelian  result* 
in  Experiments  76  and  76  gave  an 

aberrant  result, 
also 
in  Experiments  70   and   74   gaf§ 

a  Mendelian  reaitlt. 
in  Experiment  77  gave  an  abeirant 

result. 

Therefore  the  difference  between  the  results  can  scarcely  be  attrilmted 
merely  to  the  individual  constitutions  of  either  piirent,  but  must  be 
due  to  some  relation  subsisting  between  the  two. 

The  fewness  of   receesivea   occurring  among  the  offspring  In  %h 
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cross  with   a  cream-floin^ered   recessive),   and   in  Experiment  76,  the 
seeds  were  not  easily  classified  in  regard  to  colour. 

As  regards  Experiments  78 — 80,  where  the  final  seed  parent  was 
glabrous,  we  have  a  normal  Mendelian  case  in  78,  the  offspring  being 
all  glabrous.  But  in  79  and  80  the  result  is  puzzling  and  entirely 
inexplicable  upon  the  Mendelian  theory,  for  these  two  unions  between 
plants  of  the  recessive  form  gave  offspring  which,  with  a  solitary  excep- 
tion, were  all  dominanis.  It  may  be  added  that  the  two  final  seed 
parents  from  which  this  unexpected  result  was  obtained  were  sister 
plants  to  the  exceptional  individual  previously  mentioned  in  Experi- 
ment 73  as  having  given  all  dominants  when  crossed  with  a  recessive. 
(See  Conclusions,  p.  86.) 

The  three  exceptional  plants  arose  from  a  cross  between  a  cross- 
bred and  an  individual  pure  recessive  {5a)  which  was  used  as  pollen 
parent  in  several  parallel  experiments  giving  normal  results.  That 
cross  gave  both  green  and  brown  seeds,  the  three  exceptional  plants 
(one  hoary  and  two  glabrous)  all  arising  from  the  latter.  Sister 
plants  arising  from  the  green  seeds  were  all  hoary,  and  three  of  them 
contributed  to  the  Mendelian  result  in  Experiment  73. 

Fortunately  the  two  exceptional  glabrous  plants  were  also  self- 
fertilised,  and  the  result  in  this  case  was  precisely  the  same  as  in  all 
other  cases  of  self-fertilisation  of  individuals  of  the  recessive  form — 
the  offspring  were  all  glabrous  (see  p.  79).  But  for  this  result  one  might 
have  been  tempted  to  suppose  that  some  error  had  occurred  in  record- 
ing the  leaf-character  in  these  two  plants.  It  seems  equally  improb- 
able that  in  the  final  cross  any  such  mistake  as  the  unintentional 
taking  of  pollen  from  a  hoary  individual  similar  in  colour  to  the  re- 
corded glabrous  parent  can  have  been  made.  Such  an  explanation 
would  still  leave  the  result  in  Experiment  80  unexplained,  since  at 
the  time  that  this  experiment  was  made,  no  crearn-fioweTed  hoary 
plants  had  ever  been  seen.  These  two  cases,  then,  remain  as  the 
solitary  instances  among  all  the  various  unions  that  were  made,  of 
the  occurrence  of  dominant  offspring  when  both  parents  belong  to  a 
recessive  type. 

The  results  of  Experiments  81 — 84,  in  which  hoary  cross-breds  of 
the  form  (DRi  x  R2)  were  self-fertilised,  are  on  the  whole  confirmatory 
of  those  obtained  from  the  self -fertilisation  of  the  (DRi)  cross-breds  from 
which  they  were  derived.  In  the  two  cases  in  which  the  dominant 
ancestor  was  the  hoary  form  3a  (Experiments  81,  82),  the  proportion  of 
recessive  offspring  obtained  from  the  (DRi  x  R2)  cross-breds  was,  as  in 
the  ciise  of  the  (DRi)  cross-breds,  considerably  in  excess  of  the  theoretical 
result  3D :  IR.  When  36  was  employed  as  the  dominant  parent  in 
place  of  3a  (Experiments  83,  84),  we  get  a  Mendelian  result  (3D  :  IR) 
from  two  cross-breds  of  the  form  [(36  x  5c)  x  56],  as  we  4id  from  their 
cross-bred  ancestors  (36  x  5c).     On  the  other  hand,  from  two  of  the 

¥  1 


Mr.  W.  Bateson  and  Miss  E.  R  Saundera 

three  cross-brods  of  the  form  [{$h  y  5^)  x  5ff],  which  contributed  to 
total  result  146D  65R(in  Experiment  8i),  the  proportion  of  rocj 
ifl  a  good  defil  too  high« 


emrat 


2.  Offspiing  of  (jtass-breds  produced  frtim  (Bx  D), 
a*   IFhtn  the  CroBs-hrtds  were  Fertilised  with  a  Bee£mm  Fmwi  (T&iie  Ji), 

a.  In  Experiment  85,  in  which  the  eroBS-breds  (5tt  x  I)  wero  croittdd 
with  a  receaaive  of  the  same  type  as  the  recessive  ijaront  5©,  everjr 
fruit  contained  green  and  brown  seeds  in  very  varying  proportioaa, 
and  usually  »  few  intermediates.  All  the  intermediatea  (16)  were 
sown,  and  glabrous  planta  only  were  obtained  from  them  ;  samples  td 
green  and  brown  seeds  gave  all  hoary  {33)  and  all  glabroiia  (16)  plauLt 
respectively.  Correlation  between  leaf-surface  and  seed-eolour  was 
apparently  complete.  On  the  iissumption  that  all  the  groen  seed? 
would  have  produced  hoary  plants,  and  all  those  not  green,  glabrous 
plants,  the  offspring  from  every  fruit  would  have  been  mixed,  and  ih^ 
total  numl}ers  would  have  been  in  the  proportion  228  boary  and  191 
glabrous^  as  conipare<l  with  the  expected  residt  ID :  IR 

In  Experiment  86,  in  which  the  erose-breds  {5^  x  1)  were  croese^i 
with  a  recessive  of  the  same  type  as  the  recessive  parent  5^,  every  froit 
contained  seeds  of  the  three  colours.      None  of  [the   colours 
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both  gi'een  in  seed-colour,  green  and  intermediate  coloured  seeds  were 
produced,  but  not  brown.  Both  occurred  in  every  fruit,  and  both 
gave  rise  to  hoary  and  glabrous  plants,  the  totals  in  the  case  of  both 
seeds  and  plants  being  fairly  consistent  with  Mendel's  ratio  (82 
green,  70  intermediate  :  64  hoary,  76  glabrous). 

These  remarkable  results  are  in  harmony  with  those  obtained  from  the 
(D  X  R)  cross-breds  (Table  VI),  and  show  that  when  the  same  recessive 
strain  is  introduced  in  each  successive  cross,  Mendel's  law  holds ;  but 
that  the  successive  use  of  recessive  strains  of  different  colour  may 
exert  some  disturbing  effect  upon  the  numerical  relation  of  the  two 
kinds  of  offspring — an  effect  of  which  the  data  at  present  to  hand 
afford  no  explanation.      (See  Conclusions,  p.  86.) 

b.  Offspring  obtained  when  the  Cross-breds  were  Self-fertilised, 

In  Experiment  92  (Table  XI)  the  cross-breds  (5a  x  1),  of  which 
several  were  among  the  number  of  those  previously  used  for  Experi- 
ments 85,  87,  were  self-fertilised.  Every  cross-bred  produced  green, 
brown,  and  intermediate  seeds,  the  proportion  of  green  to  non-green 
being  roughly  3:1,  except  in  one  mating,  in  which  only  one  fruit  was 
gathered.  Sample  sowings  showed  complete  correlation  between  seed- 
colour  and  leaf-characrer,  green  seeds  giving  rise  to  hoary,  brown 
and  intermediate  to  glabrous  plants.  Presumably,  therefore,  the  total 
number  of  plants  would  have  been  in  the  proportion  1244  hoary  and 
407  glabrous — a  very  close  approximation  to  the  Mendelian  ratio  3:1, 

In  Experiment  93  cross-breds  (56  x  1),  several  of  which  had  been 
previously  used  for  Experiments  86  and  88,  were  self-fertilised.  The 
resulting  seeds  were  mixed,  but  in  very  varying  proportions.  The  nmn- 
ber  of  intermediates  was  large — nearly  one-fourth  of  the  total  nmnber. 
Of  the  samples  sown,  green  seeds  again  produced  hoary  plants ;  brown 
seeds,  with  four  exceptions,  glabrous  plants,  unless  these  four  seeds 
should  more  properly  have  been  included  among  the  intermediates. 
The  intermediates,  however,  yielded  both  forms,  and  it  was  therefore 
necessary  to  sow  the  whole  number.  Unfortunately,  a  large  propor- 
tion— more  than  100 — failed  to  germinate.  If,  however,  we  may 
suppose  that  no  considerable  error  is  due  to  this  fact,  then,  assuming 
perfect  correlation  in  the  case  of  the  two  other  colours  (four  seeds 
excepted),  the  total  number  of  plants  would  have  been  in  the  pro- 
portion 1429  hoary,  373  glabrous,  or  as  3*8 : 1. 

In  each  of  the  three  following  experiments  (94 — 96)  only  a  single 
cross-bred  was  self-fertilised.  The  seeds  were  difficult  to  sort,  and  a 
full  sowing  was  therefore  necessary.  In  the  case  of  the  cross-bred 
{bd  X  1)  (Experiment  94),  an  exact  Mendelian  result  was  obtained 
(117D,  39R).  With  the  cross-breds  (5«  x  1)  and  (6c  x  1),  however,  the 
numbers  showed  a  considerable  deviation  from  t\i^  «x?^^\^^w»\5^>^«— 
9SD  to  18  R  in  the  former  case,  17  5D  to  ^STS.  m  \^ift  \«X\«t, 
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In  Experiment  97,  in  which  the  cross-breds  (6c  x  3a)  were  self-ferti- 
lised, green  and  brown  seeds  were  obtained  in  the  proportion  of  3  to 
1.  There  was  no  correlation  between  seed-colour  and  leaf-character,  for 
each  colour  gave  rise  to  both  kinds  of  plants.  The  totals  53D  and 
25R  show  too  high  a  proportion  of  the  glabrous  form,  a  result  which 
entirely  agrees  with  that  obtained  from  the  self-fertilisation  of  the 
other  set  of  cross-breds  in  which  the  hoary  type  3a  was  used  as  the 
dominant  parent  (Experiment  67). 

From  (R  X  D)  X  self,  therefore,  close  Mendelian  results  were  obtained 
in  three  out  of  the  five  cases  in  which  the  D  parent  was  of  the 
hoary  type  1,  viz.,  in  those  in  which  the  R  parent  had  white,  cream, 
or  pinkish- white  flowers;  but  when  the  R  parent  had  bluish-pink 
or  claret-coloured  flowers,  there  was  a  deficiency  of  R  offspring.  On 
the  other  hand,  when  the  type  3a  was  used  as  the  D  parent,  there  was 
too  high  a  proportion  of  R  plants. 


c.  Offspring  of  Dominant  Cross-breds  produced  in  2a  (Tables  XII  and  XIII). 

In  accordance  with  the  Mendelian  hypothesis,  all  dominant  cross- 
breds  resulting  from  the  cross  (R  x  D)  x  R,  are  of  the  class  of  impure 
dominants,  and  when  self-fertilised,  yield  D  and  R  in  the  proportion  of 
3  to  1.  We  should  therefore  expect  all  the  final  seed  parents  in 
Experiments  98 — 102  (Table  XII)  to  yield  a  mixed  offspring  in  which 
the  proportion  of  hoary  to  glabrous  is  as  3  to  1.  On  the  other  hand, 
dominants  resulting  from  (R  x  D)  x  self  are  by  theory  of  two  kinds — 
(1)  impure  dominants  as  above,  and  (2)  pure  dominants,  which,  when 
self-fertilised,  yield  dominants  and  dominants  only.  In  Experiments 
103 — 107  (Table  XIII)  we  should  therefore  expect  the  results  to 
vary,  according  as  the  final  seed-parents  selected  at  random  belonged 
to  the  former  or  the  latter  class. 

In  Experiments  98  and  99,  in  which  cross-breds  of  the  form 
![(Ri  x  D)  X  R J  were  self-fertilised,  there  is  close  agreement  between  the 
observed  and  the  theoretical  result,  3D :  IR. 

In  Experiments  100 — 102  (Table  XII),  in  which  cross-breds  of  the 
form  [(Ri  X  D)  X  R2]  were  self-fertilised,  we  find  that  some  of  the  cross- 
breds  give  the  expected  result  3D  :  IR;  others  on  the  contrary  yielded 
only  dominants. 

This  fact  is  the  more  surprising  since  such  cross-breds  giving  one  a 
Mendelian  and  another  an  aberrant  result,  may  be  sister  plants,  derived 
by  self-fertilisation  from  the  same  parent. 

In  Experiments  103 — 107,  in  which  fourteen  individuals  selected  at 
random  from  among  the  dominant  offspring  of  various  self-fertilised 
{RxD)  cross-breds  were  self-fertilised,  eight  were  evidently  pure 
dominants,  and  produced  only  dominants,  six  were  impure  dominants, 
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and  yielded  a  mixed  offspring,  in  one  experiment  374D,  141R,  in  the 
second  12D,  3R,  and  in  thq  third,  62D,  14E. 

d.  When  the  Cross^eds  were  Fertilised  with  a  Domincmt  Form. 

When  some  of  the  various  (R  x  D)  cross-breds  used  in  the  preceding 
experiments  were  crossed  with  the  same  hoary  white-flowered  Bromp- 
ton  Stocks,  (7a  and  76),  used  in  the  experiments  described  in  Table  II, 
the  resulting  offspring  (148)  were,  in  accordance  with  expectation,  all 
hoary. 

III.  Purity  of  "  Extracted  "  Recessives  and  Dominants, 

According  to  the  Mendelian  hypothesis,  such  recessives  are  pure, 
and  should  behave  as  though  they  were  of  unmixed  descent.  If  this 
be  the  case,  they  should,  when  self-fertilised,  produce  recessives  and 
recessives  only.  To  test  this  particular  point,  many  such  extracted 
recessives  were  self -fertilised,  and  thus  produced  more  than  1000  off- 
spring, all  of  which  were  recessive,  so  far  confirming  the  anticipation  as 
to  their  purity. 

At  the  same  time  we  have  the  contradictory  result  mentioned  in 
Experiments  79  and  80,  that  from  two  such  extracted  recessives  crossed 
with  a  p^ire  recessive  (the  product  of  two  generations  of  self-fertilisa- 
tion), 94  dominants  were  obtained  and  a  single  recessive.  This  result 
is  unexplained. 

Purity  of  extracted  Dominants  was  shown  in  Experiments  1036,  104, 
105,  1066,  1076. 

IV.  Nature  of  Recessives  produced  in  the  First  Crosses. 

These  first-cross  recessives,  when  self-fertilised  for  two  generations, 
invariably  gave  recessive  offspring,  having  flower-  and  seed-colours 
identical  with  those  of  the  original  glabrous  parent.  The  number 
thus  produced,  by  several  individuals,  amounted  to  more  than  200  in 
the  first  generation  and  about  130  in  the  second. 

The  question  whether  such  recessives  can  have  been  the  result  of 
accidental  self-fertilisation  was  considered  (p.  44),  and  at  present  we 
strongly  incline  to  think  that  they  were  not,  while  fully  recognising 
the  diflBculties  this  view  entails. 

V.  Tims  of  Flowering  of  Cross-breds, 

Of  the  original  types,  some  were  annual,  some  biennial. 

Only  a  limited  number  of  observations  were  made  upon  the  inherit- 
ance of  these  qualities,  owing  to  the  difficulty  of  sowing  and  planting 
such  large  numbers  simultaneously.  The  biennial  forms  (viz.,  incana 
(type  1),  and  the  various  Brompton  strains),  do  not  bloom  in  the  first 
season,  but  in  the  second  year  they  usually  flower  some  weeks  before  the 
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aiiuiiula.      With  rtrr^  rnrpfftms^  tdf  rross-hrd plants  and  "exiracled^  iypfi 

I  iJtrirrfffl  itt  ihfjitsf  ,<tiu^*m.  The  olTspring  of  various  crosses  between  aimual 

Ifiivms  fldWLTerl  at  thtj  suniti  time  whether  they  wore  hoary  or  glabroiw; 

]|)[lL  among  the  oH'ss print;  of  v;mous  crosses  l>etwecn   hoary  bienniab 

and  glahraus  annuals  it  was  iisiial  for  the  recessives  to  flower  before 

the  ckmiiTiaiiti^.    In  fact^  the  tli  flTorcnce  hi  time  in  some  eases  was  sufficient 

for  the  farmer  t(^  l)e  almost  ovur  lief  ore  the  latter  had  well  be^un.    A 

certain  riumiicr  of  these  extracted  recesstves,  however,  flowered  siinui* 

taiicoiisly  with  the  dominants  obtained  from  the  same  mating.     Very 

rasely  s^mh  reccssive,s  jirodiiecri  tiO  Howera  at  all  in  the  first  year:  in 

iYin  h  casus  the  habit  of  growth  of  these  plants  resembled  that  of  the 

biennial  forms. 


VI.  Sttwifiiiiff  it/  t.uitrhfiii.i.fftf<  from  Experimenh  with  Maith io!a . 

The  results  ol stained  are  so  complex  that  it  ia  difficult  to  draft 
stuiemcnts  which  ^hall  give  a  precise  and  comprehensive  view  of  the 
phenomena. 

Generally  speakin^r,  the  folli>wing  rules  hold  good; — » 

1 ,  I u  c n  1 K.-^ ea  1  ic  t w e e [ i  h u a r}-  a nf  I  glahro us  plan ts ,  the  f  o rtne  r  e harac ter 
was  dominant,,  the  latter  recessive. 

2.  Sncb    cross  Kredh,   whether    seli-fertiliaed,   or   fertilised    with  i 
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7.  Crosses  between  the  half-hoary  type  and  recessives  gave  in 
the  first  generation  fully  hoary  cross-breds  with  only  two  half-hoary 
exceptions.  Of  the  mixed  offspring  derived  from  these  fully  hoary 
cross-breds  the  great  majority  of  dominants  were  again  fully  hoary ; 
some,  however,  were  half-hoary,  and  some  intermediate  between  the  half- 
hoary  and  the  glabrous  forms.  No  line  could  be  drawn  between  such 
intermediates  and  the  half-hoary  plants,  and  therefore  all  are  classed 
together  as  "  intermediate  "  in  the  tables.  It  is  possible  that  the  fully 
hoary  cross-breds  are  DIt,  and  the  others  DD,  but  the  numbers  do  not 
accord  well  with  this  simple  explanation. 

8.  Crosses  between  white-flowered  hoary  and  variously  coloured 
glabrous  forms  commonly  gave  purple-flowered  offspring  (sometimes, 
however,  a  blend,  e,g,^  pink  from  red  and  white).  This  fact,  and  that 
given  in  7,  indicate  that  the  first-cross  offspring  sometimes  present 
atavistic  characters.  Crosses  between  different  coloured  pure  types 
were  for  the  most  part  not  made  (see  p.  46). 

9.  The  results  of  self-fertilising  cross-breds  produced  by  parents  of 
dissimilar  colour  was  usually  to  reproduce  the  parental  flower-colours, 
accompanied  sometimes  by  colours  not  seen  in  the  parents,  together 
with  the  purple  or  pink  form  of  the  first  cross  when  either  occurred. 

10.  Crosses  between  parents  of  different  seed-colour,  brown  and 
green,  showed  green  to  be  frequently  dominant.  Deviations  from  this 
general  result  occurred  with  certain  types  used. 

11.  In  certain  combinations  there  was  close  correlation  between  (a) 
green  colour  of  seed  and  hoarihess,  (5)  brown  colour  of  seed  and 
glabrousness.     In  other  combinations,  such  correlaHon  vxis  entirely  wanting. 

12.  The  rule  that  plants  with  flowers,  either  purple  or  claret,  arose 
from  green  seeds  was  universal.  For  seed-colours  of  the  pure  white 
types,  see  pp.  33  and  34. 

13.  WTien  glabrous  plants  were  produced  by  the  first  cross,  they 
were  found  to  be  pure  recessives,  and  their  colour  was  that  of  their 
recessive  parent.  Such  plants  were  always  the  offspring  of  recessive 
seed  parents,  and  there  is  therefore  suspicion  of  self-fertilisation.  But 
with  the  most  punctilious  care,  such  recessives  repeatedly  occurred 
when  certain  strains  were  used,  and  in  crosses  with  other  strains  they 
were  uniformly  absent. 

Taking  all  evidence  together,  we  incline  to  beb'eve  that  these  glabrous 
first-cross  offspring  were  examples  of  the  "false  hybridism'*  of  Mil- 
lardet  (see  p.  154). 

14.  The  fact  stated  in  3,  that  in  certain  subsequent  crosses  indi- 
viduals occurred  which  were  apparently  pure  dominants,  seems  to 
indicate  that  similar  "false  hybrids"  may  occur  of  pure  dominant 
form  also. 

15.  Speaking  generally,  the  results  here  detailed  agree  well  with 
those  of  Correns.    But  owing  to  the  use  of  a  large  number  ol  t^^^Rs^^ 
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Imr  lesults  die  ncccssjiriiy  nuicli  more  complex.  It  should  also  he 
luiUcml  til  Jit  nonu  of  miv  ux  peri  men  ts  nre  precisely  comparable  witli 
that  of  CoiTetii^,  w1k>  uhucI  h  bit^niiial  hoiiry  type  with  purple  flowers 
jijul  a  Ijifjiiiial  glalinHis  type  with  flowers  " yellowifih-whit^ "  (or 
r  tiulpbii! -yelluvv "    of   Hiui^rt*   anrl   Schmidt),      We  used    no    Inenmal 

I  IG,  In  rcganl  to  ahntist  every  character  studied,  the  behaviour  of 
Several  of  ihe  different  typcs^  strains,  and  even  individuals  showGtl 
M>et:iid  ]jecnliitritieH, 

The  rtijiclcr  who  has  followed  the  evidence  in  Matthiolu  will  have 
keen  that  the  pht^^nomeiia  largely  conform  to  the  Mendeliaii  principles. 
iDi^tinct  ehiEJiies  of  uni'otifornialile  phenomena  ocenr,  and  a  few  quite 
Irregular  cases.  These  i^everal  rcsiulta  cannot  l)e  adequately  presented 
pu  a  snmniarVi  but  in  the  full  owing  tables  (Tahloa  XIV  and  XV)  an 
lattempt  han  been  made  to  give  a  concise  statement  of  the  general 
Iresiilts  olttaiiietl  froni  ilie  variuus  experiments. 

Of  thei^e  twelve  aberr.int  e;use8  (Table  XIV),  nine  we  may  presume 
Iwere  exiunple;^  of  the  "  false  hyliridiBm  "  of  MiUardet.  For  in  these 
1  unions,  contrary  to  expectation,  a  mixed  offspring  Wiis  obtained  ;  but 
Ithc  rccesi^ivc  plants,  so  produced,  bred  true — all  the  offspring  oh- 
jiained  from  thyni  hy  two  generations  of  self- fertilisation  exhibiting  the 
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(ol)  That  in  tliu  two  cnse>'  in  which  recessive  offspring  were  al together 
|;il)scnt  {Ex.pciimerits  100^^  102tt)^  the  experimenta  were  of  h  parnllel 
iittiire,  thu  doiiiinaiitK  in  eiK-h  case  arising  from  the  operation 
|[(i:,  X  1>)  X  Kj]  X  self. 

(ft)  That  111  all  biK-h  c'jiJ^es  (except  Experiment  102a  tnentionetl  iii 
I  (a))  whero  the  domiTutut  typu  introduced  in  the  first  cross  had  lieeii 
Imic  of  thtf  annual  forms  2,  'Aif,  ?ih  (Experiments  51^  54,  66,  67,  81^  8:1^ 
83^  97 j,  the  puipurtion  of  doniiiiants  waJ5  invariably  too  low^  (1*8  D  :  1  K), 
In  fact,  thiii^  aberrant  ret^uU  wa.s  universal  for  all  Buch  experiments  with 
I  the  type^  -  and  ;i^/.  Type  *Vr,  however^  gave  a  Mendelian  result  in  the 
I  two  other  similar  experiments  (Kxperiments  55,  84). 

(y)  That  in  all  f^nch  causes  (except  Experiment  100*?  mentioned  in 
I  (a) ),  wliere  type  1  had  licen  originally  usetl  as  a  dominant  pollen  parent* 
I  the  piojjortion  of  dominants  waa  invariably  too  high  (4*73  D  :  1  H) 
|(Expeiitiiont.s  f>5,  9C,  107). 

[In  neither  (/i)  nor  (y)  were  the  operations  of  precisely  the  saine 
|fonn  as  in  {a).  \  I 


[Note,  added  March,  1902. 
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colour  may  give  hoary  plants,  but  very  rarely,  not  more  than  1  in 
1000  perhaps.  In  view  of  their  evidence  the  suggestion  here  made 
is  exceedingly  remote,  but  some  reference  to  this  obvious  possibility 
is  called  for. 

In  considering  the  other  aberrant  group  of  cases  where  croes-breds 
on  self-fertilisation  gave  too  high  a  proportion  of  recessives  with  some 
consistency,  the  possibility  of  "false  hybridism"  on  the  recessive 
side  should  not  be  forgotten.] 


Part  II. — Poultry. 
Exj>enmenis  begun  in  1898,  canied  out  by  IV,  Bateson, 

The  two  breeds  first  chosen  for  experiment  were  Indian  Game  and 
AVhite  Leghorn.  Experiments  were  subsequently  made  with  Brown 
lieghorn,  White  Dorking,  and  with  a  single  white  Wyandotte  hen. 

Indian  Game  are  dark  birds  with  yellow  legs  and  pea  combs.  By  a 
"  pea  comb  "  is  meant  a  comb  consisting  of  three  fairly  regular  longi- 
tudinal ridges,  along  each  of  which  are  several  more  or  less  lumpy 
tubercles.  In  both  sexes  the  pea  comb  is  low,  that  of  the  cock  rising 
about  1  to  1^  inch  from  the  skull,  while  that  of  the  hen  is  only  about 
I  to  ^  inch  high,  being  in  fact  rudimentary.  In  the  hen  the  tubercles 
may  be  almost  entirely  suppressed.  Any  one  who  desires  to  examine 
such  combs  can  see  them  any  day  in  a  poulterer's  shop.  From  the 
**  single  "  comb  of  the  Leghorns  the  pea  comb  is  readily  distinguished 
by  the  absence  of  sharp  serrations,  and  by  the  presence  of  the  lateral 
ridges  (often  obliterated  in  old  hens). 

In  correlation  with  the  low  comb,  the  wattles  are  also  very  short, 
being  almost  rudimentary  in  the  hen,  and  only  about  1  inch  long  in 
the  cock.  The  ear-lobes  in  both  sexes  are  bright  red,  like  the  wattles, 
but  they  project  very  slightly,  and  though  a  little  full  below,  they  are 
never  pendulous,  as  in  the  Leghorn  cock. 

The  plumage  of  the  cock  is  for  the  most  part  black,  shot  with  dark 
green.  The  hackles  and  saddle  are  broken  with  a  variable  amount  of 
dark  red,  which  if  noticeable,  is  considered  by  the  fancier  a  fault. 
There  is  a  large  brown  patch  extending  across  the  secondaries. 

The  plumage  of  the  hen,  with  the  excepXkjuol  \}ii^\ka^<^^^^s^.^ 
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■are  Mack,  is  almost  entirely  composed  of  black  and  brown  mis^efi 
lu)gether  in  almost  every  feather.  Tbe  mixture  should  be  in  the  form 
I  tailed  **  lacitig  "  (eonccntric  lozenges  or  rings  of  colour),  which  m&y 
I  be  cither  single  or  doiihle,  in  ihe  various  parts  of  the  body,  Tbe 
Iqnill-feathers  arc  liable  to  be  vcrmiculated  or  "  mossed  "  with  brown, 
|vvhich  is  aliio  recltoiic<l  a  fault. 

The  details  of  eolorHtion  are  complex,  but  for  our  piurpose  need  not 
I  bo  ck'scTiltetb  There  is  a  good  deal  of  variation  between  strains  as 
I  regards  minor  points^  but  un  the  whole  the  breed  is  a  i^ery  uaifonn 
lone. 

The  down  of  the  newly  hatched  chicks  may  be  dther  striped  dark 
land  light  brown,  ^^r  almost  entirely  without  dark  stripes,  leading 
the  general  colour  then  a  nearly  uniform  buff.  All  intermediates 
I  may  occur,  but  in  indivifhial  fmiilies  there  is  often  a  fairly  sharp  dis- 
I  continuity  in  respect  of  ihvwn-col  oration,  though  the  lurds  when  ^own 
I  up  may  ]»e  quite  alike. 

To  the  eye,  a  most  sti  ikitig  feature  in  these  birds  is  the  close,  "  hard" 
I  feathering,  antl  upright  carriage.  It  is  to  the  cloaeneas  of  the  feathering 
I  that  is  largely  due  the  appearance  of  great  length  of  neck  and  leg,  which 
I  constitute  a  prominent  chjiracter. 

The  ^ihankn  are,  in  healthy  and  well-grown  binls,  of   a  full  deep 

"b)W.     In  depauperated  specimens  they  are  a  more  dingy  yellow- 
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the  comb  may  increase  in  size,*  taking  the  form  here  called  "  inter- 
mediate pea."  This  comb  has  the  three  ridges  well  marked,  but  the 
extent  upwards  from  the  skull  is  in  the  cock  about  2  inches,  and  in 
the  hen  about  f  of  an  inch.  The  intermediate  pea  in  the  cock  usually 
falls  over  to  one  side.  Such  a  comb  would  be  considered  a  great  dis- 
figurement, but  it  certainly  may  occur  in  good  strains.  It  should  be 
mentioned  that  the  cocks  are  generally  dubbed  for  exhibition,  and  con- 
sequently the  details  of  comb  structure  have  not  been  much  attended 
to  by  fanciers. 

For  our  purpose  it  is  important  to  notice  that  the  true  pea  comb  and 
the  intermediate  pea  are  hardly  if  at  all  distinguishable  in  the  newly 
hatched  chick.  The  distinction  does  not  become  evident,  especially  in 
females,  until  sexual  maturity  approaches.  At  all  ages  both  are  readily 
distinguishable  from  the  single  comb  of  the  Leghorns. 


IVldte  Leghorns, 

The  other  breed  originally  chosen  was  WliUe  Leghorn.  Leghorns  as 
a  definite  breed  are  probably  at  least  50  years  old,  and  at  the  pre- 
sent time  exist  in  many  colours  which  breed  fairly  true.  One  of  the 
most  definite  is  the  white  breed,  which  can  be  absolutely  relied  on  to 
propagate  itself  without  notable  variation. 

The  comb  is  a  high  single  comb,  with  one  row  of  large  serrations  of 
varying  number,  including  at  least  four  or  five  large  points  distinct 
from  the  more  or  less  irregularly  divided  anterior  and  posterior  lobes. 
Li  the  cock  the  comb  is  erect.  Measured  from  the  skull  to  the  tip  of 
the  serration  next  over  the  eye,  the  height  in  an  adult  is  3 — 4  inches, 
varying  in  actual  size  both  with  age,  treatment,  and  condition.  In 
full-grown  cocks  it  projects  forwards  over  the  bill  and  backwards  be- 
hind the  head,  the  total  length  being  about  5  inches.  Fine  prize  birds 
in  show  condition  may  considerably  exceed  these  measurements. 

In  the  hen  the  comb  is  similar  though  smaller,  usually  lying  over  to 
one  side,  the  correct  position  in  the  fanciers'  opinion.  The  size  in  hens 
varies  a  good  deal  in  individuals,  and  greatly  with  condition.  About 
2  inches  high  and  3  inches  long  may  be  given  as  average  dimensions, 
greatly  exceeded  in  breeding  condition  in  some  cases.  In  correlation 
with  the  high  comb,  the  wattles  are  long,  reaching  in  the  cock  to  h 
length  of  some  4|  inches  from  the  angle  of  the  gape.  In  the  hen  they 
are  about  2  inches  long.  The  ear-lobes  are  bluish  or  yellowish-white 
and  pendulous,  increasing  in  size  greatly  with  age. 

The  plumage  is  entirely  white,  without  the  least  speck  of  any  colour. 
It  is  never  close-fitting  as  in  Indian  Game. 

Legs  and  bill  are  pale  yellow.     The  older  females  frequently  (1  in 

♦  This  has  been  my  experience,  but  I  am  not  BUTe  \i  Wi^  \ijc\.  V^  %«a»T»S^:^  Vt\^^. 


IJ 

^^^^9 

B 

Mr.  ^y. 

liutDsuu  ami  Miss  K  11  Saundei-w. 

^ 

lil 


[d\  Htniiiirii)  h:ive  hiv^ic  fipiirs  witliout  lujy  decline  in  fei*tility-  Tho 
L*ggs;  iive  vvhitc,  iind  proiiuccfl  in  great  numbers.  The  hens  do  not  nsa 
hilc  ^it  or  ?^ho\v  any  wii,ni  of  in'oodiness. 

These  lueetla  seenieti  specially  aui table,  because  they  tliffered  from 
buch  other  in  their  comhs,  a  stnictiiral  character.  The  great  apparent 
ilifl'erLniLe  in  pi  opart ional  lungth  of  leg  bones,  which  at  first  sight 
k*oriietl  c'?LpiLl>le  of  nieHrsuremcnt,  proved  on  examination  to  be  dne 
diMOiit  entii'dy  to  the  diHerenee  in  closeneaa  of  feathering,  the  loose 
teathcFH  of  the  Jjughurns  altering  the  general  outline  of  the  body,  and 
akiiig  the  ]q^8  appear  shorter  by  comparison, 

A   hipecial   rt./aHon    for  choosing    these  two  breeds,  apart  from  the 

general  suitability,  was  that  it  wan  possible  to  obtain  birds   of  each,, 

i'lth  a  statement  jls  to  tlieir  immediate  pedigree.     The  stock  of  Indian 

ranic  was  reapplied  liy  the  Kev.  E,  P,  Boys-Kmith,  vicar  of    Hordle, 

^yniington,   H;uits,  whu   had  bred  them   with    care  for  some  year:^, 

iKeoping  iJireful  pedigrees.     The  original  WTiite  Leghorns  came  from 

iMw  K.  C.  Lister-Kay,  of  Burley  Manor,  liingwood,  Hants,  and  of  them 

IdFio  I  was  given  a  pedigree,  careful  ly  kept  though  incomplete  as  re- 

iiards  the  iridividmil  identity  of  the  hens,  several  sister  hens  being  run 

ith  one  tuck.     Both  thci^e  gentlemen  have  supplied  many  practical 

lldnt.'^  ajnl  information,  which  have  proved  most  ufiefid. 

0  the  first  two  yeitrs  of  expeiinient  many  troubles  oeeurred,  mostly 
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importance  may  be  attached  to  the  details  of  relationship,  I  subjoin 
the  pedigree  for  future  reference  if  required.  The  extent  to  which 
the  birds  were  in-bred  may  be  gathered  from  the  fact  that  in  seven 
generations  only  four  unrelated  birds  occur,  and  the  last  introduction 
of  fresh  blood,  or  the  hen  which  stands  as  great-grandmother  to  one 
lot  and  grandmother  to  the  other.  The  mating  generally  used  was 
nephew  and  aunt. 

Pedicpee  of  Indum  Game  Bi/ds  received  from  Mr,  Boy.i-Smith. 

T 
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-T-3  6-T-l 

a-r7  6-T-3            8t-11  12t-9 

2ylO      I  r                    I                             I 

1          I  10  , * -1  H- 
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17-T-14 

r— ' — 1 
BSA  ?       BSB  5 


12        16-T-13  15  KH-li* 


21-r22 


Sl9  1' 


BS<;  BSB$  BSL$   19    B8M9       BSNV 


In  the  above  pedigree  the  male  is  on  the  left  side  in  each  mating. 
The  Clarendon  figures  show  the  introduced  birds.  No  doubt  all  are 
in  some  degree  related,  as  the  best  strains  are  in  few  hands. 

3.  Two  hens,  full  sisters,  from  Mr.  Boys-Smith,  sent  in  1901,  ]>eing 
then  in  their  second  breeding  season.  These  are  indicates!  in  the 
pedigree  as  BSM  ?  and  ESN  ?  . 

4.  Cockerel  and  pullet  from  the  Rev.  C.  T.  Bromwich  (Brom.  (f 
Brom.  ?  ).  As  to  the  pedigree  of  these  birds,  no  account  was  to  be 
had,  but  it  was  said  that  a  new  male  was  introduced  each  year  in  their 
immediate  pedigree,  and  the  birds  bought  were  almost  certainly  either 
full  or  half  brother  and  sister.  As  will  be  seen  hereafter,  there  is 
doubt  as  to  whether  these  birds  were  "  pure  "  in  the  critical  sense. 

5.  Cockerel  of  unknown  extraction  from  Kingwood  Poultrv  Farm. 
(IM.IGcf.) 

G.  Cockerel  of  imknown  pedigree  from  a  Lancashire  breeder. 
(Gr  cJ.)     The  question  of  true  "purity  "  is  also  doubtful  in  this  case. 

White  Leghorns. 

{Fai'  description  see  above,) 

I.  Cockerel  and  pullet  from  Mr.  Lister  Kay,  not  in-bred.  (LK  cf , 
LK$.) 

From  a  fancier's  point  of  new  these  birds  were  not  in-bred  at  all ; 


\2  Mr.  W.  lUiLesuii  ami  Miss  K  K.  Saunders. 

or  in  tlani'  pedigree  ;l  fresh  eoekerelj  presumably  unrelated,  was  intro- 
Jnced  rtt  erich  successive  ^eiieiJilina, 

2.  Cocliercl  and  three  piilltitH  hatched  from  egga  purchased  from 
Mr.   Adeatie,  BahnihaTii  lliill  (Babr.  ^,  Babn  ?  42,  Babr.  ?  89,  Babr. 

?  110),  These  birds  were  nlmast  certainly  not  in-bre<L  They  canie 
from  ;i  run  where  many  cocks  aivl  hens  were  togetherj  and  it  is  un- 
likely  they  were  nearly  related  to  each  other,  though  this  may  have 
been  the  ease* 

3.  A  ]jnilet  from  liiugwood  I'oiikry  Farm  (R+Uj  ?  ). 

EKtiwx  Leghorns* 

1.  A  jaillet  from  Mr.  Eoys-Smithj  sent  me  in  1900  (Br,  L^)* 

"J.  A  niiiter  to  the  furegoitig  sent  in  1901  (Br.  L-). 

■I.  A  cock  fiejit  in  1901,  nephew  to  the  foregoing  (Br.  L  <^). 

As  re^^iiT'th  structural  thai^acters,  Brown  Leghorns  cloBely  resemble 
While  L egh 0 1- n s ,  In  col o u i  ttf  pi n imtgc  t h e browns havebright  golden- 
i'e<l  hatkle^i  red  lo verts  aii<l  saddle,  with  black  breast,  quills  and  taik 
in  the  cocks,  while  the  henssi  are  of  a  duller  general  mottled-brown 
jolonr,  the  hackles  being  golden  yellow,  with  black  central  stripe.  The 
breust  is  !i  bri^^ht  client  nut.  The  fleaf  cars  are  white  in  all  Leghorns,* 
mil  the  bills  and  j^hank^s  are  yellow.  Eggs  white.  Hens  do  not  dt> 
Theric  birds  were  vlo^^ely  in-bretl,  m  the  following  pedigree  will  she 
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Here  No.  17  represents  Br.  L^f ,  and  No.  16  the  two  hens,  Br.  L 1 
and  2.  The  usual  mating  is  again  aunt  and  nephew.  (Father  on  the 
left  in  each  mating.) 

White  Dorkings.  » 

The  White  Dorking  is  a  pure  white  bird  with  white  bill  and  shanks, 
and  a  rose-comb.  The  feathers  are  loose-fitting,  and  never  close-fitting, 
A  rose-comb  consists  of  a  great  number  of  papillif orm  elevations,  stand- 
ing in  the  same  horizontal  plane.  It  is  wide  in  the  middle,  and  con- 
tracts to  a  point  or  "pike"  behind. 

It  is  recognisable  at  an  early  age  in  embryonic  life,  and  can 
never,  from  about  the  9th  day  of  ificubation,  or  earlier,  be  confused 
with  a  single  comb.  The  distinction  between  rose  and  single  is,  with 
the  rarest  exceptions,  absolute,  and  no  class  of  intermediates  needs  here 
to  be  distinguished.  The  rose  comb  rises  about  1^  inches  from  the 
skull  in  cocks  and  rather  less  in  hens  which  are  la3ang,  while  in  hens 
out  of  breeding  condition,  it  scarcely  rises  from  the  head  more  than 
half  an  inch. 

The  wattles  are  about  1^  inches  long  in  cocks,  and  about  1  inch 
long  in  hens.  They  are  rounded  in  shape.  The  deaf  ears  are  red  and 
project  but  little,  never  being  to  any  extent  pendulous. 

The  bill  and  shanks  are  pale  pinkish-white,  without  pigment.  The 
breed  has  the  extra  or  fifth  toe,  characteristic  of  all  Dorkings.  The 
eggs  are  long,  of  a  faint  stone-colour,  and  the  hens  go  broody. 

White  Dorkings. 

1.  Two  pullets  received  from  Mr.  0.  Cresswell,  Morney  Cross, 
Hereford,  in  1901  (Cr  121  and  Cr  122).  In  Cr  121  a  faint  tinge  of 
chestnut  appeared  on  one  secondary  ojf  each  wing  after  the  moult  of 
the  second  year  (see  p.  98). 

2.  A  cockerel  received  at  the  same  time  from  the  same  source. 
(Cr  <?.) 

3.  A  pullet  received  from  Miss  Knowles,  Conholt  Park,  Andover, 
in  1900  (K  ?). 

4.  A  cockerel  from  the  same  source  (K  ^ ). 

From  the  two  birds  K  ?  x  K  cJ  were  raised  two  pullets.  Dork. 
262  ?  ,  Dork.  263  ?  ,  and  one  cock.  Dork.  258  cf . 

Though  I  have  no  pedigree  with  either  of  these  lots,  Mr.  Cresswell 
informs  me  that  his  birds  are  very  closely  bred,  but  the  details  are 
unknown.  The  breeding  of  Miss  Knowles'  birds  is  also  unknown, 
though  in  all  probability  they  are  not  specially  in-bred.  These  two 
strains  are  only  remotely  related.  As  will  appear,  it  became  practi- 
cally certain  later  that  one  (1  both)  of  the  K  birda  yr«j^  xv^^X.  ^Nxt^Sax  ^'^- 
spect  of  Toae  comh.    In  reply  to  an  inquiry  ^^^lAa^^Tia^X^^^^^  ^^  ^jin^ 


^4 


^fi,  \V.  llritrsiiii  iuul  yiim  R  H*  Saiuiders. 


Lis  t"  soihI  iiifaiiiiiUiiiii  thiU  sini^le  combs  appear  occasionally  among 
her  cln^ks,  porlia))'*  1  h\  30^  aspeciiirliy  when  frt^sh  l>Ioo<l  is  iiitrodiicecL 

Iroitfiniiing  tbu  vIlmv  liL^ir  ^tvuk.  The  heiiring  of  these  facts  will  he 
r(JJl^^idL■rufl  Intur, 

Tlio   \Vy;i]nlottt^   i>.  ai Hither  InEjae-feathered  rose-combed  breed,  hut 
\.\\v  t'OTiilf  tUrtbrs  frtmi  the  rose  of  the   Dorking  in  the  fact    tbat  the 

I  jMtstt^rinM  point  i>^  (hinclud  tjligluly  tW'/i?m/v/,s-  instead  of  backwarrU* 
Fur  iHU'  ])ur[joisei^  thu  imly  nthi^r  feature  of  importance  is  tbat  the  deaf 
Ciirs  aiij  romid  jtnd  red,  and  tht!  liill  rind  i^hfinks  yellow.  The  white 
variety  i^  nni  a  well  lecclt(lli^ed  hreed,and  I  know  nothing  of  it  )*evonfl 

I  the  f;ul.  ihiLt  1  nht!iiiH::d  siirji  \i  pallet  from  Kingwood  poultry  fann. 
1  *edi^n  ee  unknuu  lu 

Hefnro  ^h  in^^  the  tletail?^  of  >]jec'ifie  ex]}enments,  it  will  be  UBcftd  to 

Utatc  in  geneial  terrii-s  the  residt^  when  the  various  breeds  are  crossed 
tn^ ether*  K.vee]it  \\\  legard  to  the  distrilmtion  of  pigment  in  the 
White  LegliiH  n  x  liidi;m  Game  tn'Oi^ses,  reciprocal  luuons  do  not  differ 
in  result. 


f'titithfut*!  irttf/fr^.     In  the  crosis-lircd  the  tomb  is  almost  al way; 
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2.  Flumage-colour. — Of  the  hundreds  of  crosses  made  both  ways, 
all,  with  one  single  exception,  were  white  or  dingy  white*  coloured  birds, 
more  or  less  speckled  or  "  ticked  "  with  black.  Such  ticking  is  rarely 
extensive,  and  is  quite  irregular  and  asymmetrical.  The  ticking  may 
aifect  parts  of  feathers,  single  feathers,  or  small  patches  of  feathers. 

The  ticks  may  be  either  plain  black,  or  disposed  as  barrings  or 
chequerings,  especially  in  hackles  and  saddle-feathers.!  The  details  of 
these  markings  have  probably  some  significance,  and  may  perhaps  be 
described  on  another  occasion. 

In  addition  to  the  dark  ticks  the  cocks  not  rarely  have  patches  of 
reddish  or  brown  colour  ("pile")  on  the  wing-covers  and  saddle 
rarely  as  developed  as  in  pile  breeds.  Such  brown  marks  occur  occa- 
sionally in  hens,  but  are  very  small.  The  brown  marks  may  rarely  be 
barred  or  chequered. 

In  respect  of  groimd-colour  reciprocal  crosses  give  the  same  result 
in  viale  oifspring.  All  male  cross-breds,  and  fenude  cross-breds  from 
Indian  Game  mothers,  have  the  ground-colour  white,  but  female  cross-breds 
from  White  Leghorn  mothers  almost  always  have  the  ground-colour  more 
or  less  dingy  brownish-white.  The  dinginess  is  sometimes  hardly 
noticeable,  but  occasionally  it  is  so  striking  as  to  make  the  bird  look 
s.  dirty  cream  colour.  It  is  clearly  due  to  a  general  deposition  of  a  very 
fine  layer  of  pigment.  Such  "dingy"  hens,  though  ticked  as  the 
others  are  with  pure  black,  never  have  barred  or  chequered  feathers,  so  far 
as  our  experiences  goes. 

In  the  dingy  hens  the  skin  of  the  face  is  generally  somewhat  pig- 
mented, though  in  various  degrees,  sometimes  approaching  to  the 
"  purple-face  "  of  Brown-breasted  Game  and  other  breeds.  No  dingi- 
ness was  ever  seen  in  a  male  bird. 

3.  BUI  and  Shanks, — These  are  full  yellow,  except  in  "  dingy  "  hens. 
In  the  latter  there  is  pigmentation  irregular  in  amoimt,  varying  in 
the  case  of  the  shank  from  slight  patches  to  a  general  dark  olive. 
The  soles  of  the  feet  are  always  yellow.  The  bills  of  dingy  hens  are 
«triped  asymmetrically  and  irregularly  with  black  or  brown.  The 
•degree  of  blackness  in  shanks  is  correlated  with  that  in  bill  fairly 
closely.  This  pigmentation  begins  when  maturity  is  approached  and 
cannot  be  detected  in  the  shanks  of  young  chicks.  Of  aU  the  female 
cross-breds  with  I.G.  fathers  which  reached  the  age  for  pigmentation, 
only  one  failed  to  exhibit  it  either  in  bill,  or  shanks,  or  in  both. 

4.  Deaf  Ears. — These  are  usually  patchy,  partly  red  and  partly 

•  The  exception  was  an  extraordinary  piebald  chick  which  died  young.  The 
middle  of  the  back  was  occupied  by  a  lai^g^e  irregular  island  of  striped  colours,  like 
those  of  a  normal  Ind.  Ghune  chick.  This  patch  extended  asymmetricsdly  on  to  the 
pi*oximal  parts  of  the  limbs. 

t  These  barred  feathers  were  noticed  by  Dttrwm  Vn.  '^mW.tj  cw»»eii  V^  Kxlvxeis^'^ 
4111(1  Plants,'  Ed.  2,  rol.  2,  p.  255),  and  regarded  by  "bim  a»T«^wwiTis«i. 


\){\ 
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whitCi  showing  n  mijcturc  of  the  parental  characters  both   in  colour 
iiinl  j^hape. 

fj.  0'.u-titf^/e.- — The  jttiitiuhj  <?f  the  croasoa  is  much  more  like  LU. 
lh:ui  Leghorn.  Though  not  30  '^reachy'^  as  a  fine  Indmn  G^ame,  thcr 
never  have  the  general  appearance  of  Leghorn.  This  Hppc^arance  i^ 
thiuljtless  due  to  the  fat-t  that  the  hard,  close  feathering  of  the  I-G.  b 
always  iu  yunie  degree  doniinMnt. 

C.  Efjtjfi. — The  .shells  are  u?fually  of  intermetUate  tint,  £^^^  hrowu 
enough  or  white  enough  to  piiss  for  pure  LG.  or  pure  L.  are  tleeidedlr 
rare* 

7,  lUf^iiUHf^-:. — Many  of  the  crosB-hreds  became  broody  and  maile 
f-iir  mothers.  Some  were  very  luicer-tain,  but  perhaps  not  more  so 
than  many  hens  of  sittijig  breeds.     Some  did  not  go  broody  at  *IL 

[ii  regard  to  colour  lA  eggs»  fertility,  and  broodiness,  for  M'ant  of 
(."Pport unities  no  extensive  observations  were  made,]  Moreover,  for 
any  ailccjuatc  study  of  most  of  the  other  points  eniimeratetl,  it  Is 
necessary  that  the  ehi^-kens  should  be  reared  to  maturity.  To  do  thus 
I  with  large  numbers  is  quite  beyond  our  resources.  Fortunately,  how- 
evci\  the  eomlj-structure  can  be  dctermiimd  with  certainty  in  very 
young  thicks  at  abuut  tlie  14th  day  of  incubatiou.  By  the  iisc  of 
I  this  fact  the  range  of  Hvailable  statistics  has  been  greatly  increased, 
by  opening  the  egii^s  t)n  tlie   \Ty\h  day,  the  same  incubator  can  W 
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recognise  cross-bred  pea  combs   (DE)  from  pure  peas  (DD),  at  all 
events  in  cocks  from  the  first,  but  the  hens  are  much  more  difficult. 

First  Crosses  between  Brown  Leghorn  and  Indian  Game :   Geneivl 

Account, 

Only  a  small  number  of  birds  of  this  cross  have  been  reared  to 
maturity,  namely,  five  cocks  and'eight  hens,  the  offspring  of  one  Brown 
Leghorn  hen  and  two  Indian  Game  cocks ;  and  one  cock  bred  recipro- 
cally. These  cross-bred  birds  had  dark  plumage,  which  may  be 
sufficiently  described  as  compounded  of  the  parental  colours  and  forms  : 
bill,  horn  colour ;  legs,  yellow ;  ear-lobes,  white  tinged  with  yellow  like 
Leghorn,  feathering  and  carriage  intermediate,  but  nearer  to  the  Game ; 
comb  and  wattles  as  in  the  crosses  between  Indian  Game  and  White 
Leghorn. 

JFhite  Leghoi-n  with  White  Bose-comhed  Dorking. 

The  offspring  is  always  white.  The  bill  and  shanks  are  white  like 
the  Dorking,  or  rarely  with  a  faint  tinge  of  yellow. 

In  point  of  carriage  and  disposition  of  feathering  the  two  parent 
forms  are  so  nearly  alike,  that  for  our  purposes  these  characters  cannot 
be  used  as  a  criterion  of  inheritance.  Deaf  ears  usually  red,  or  red 
patched  with  white,  in  shape  intermediate. 

The  comb  is  either  single  as  in  Leghorn,  differing  only  in  reduced 
height,  or  rose  as  in  the  Dorking ;  but  often  raised  from  the  head  rather 
more  than  in  the  normal  form.  Wattles  follow  the  comb  closely. 
Some  have  and  some  have  not  the  extra  toe  ;*  details  given  later. 

As  regards  characters  appearing  in  later  life,  such  as  egg-colour, 
breeding  habits,  spurring  of  hens,  &c.,  the  niunbers  reared  to  adult 
life  were  insufficient  to  warrant  a  statement. 

In  the  great  majority  of  cases  the  extra  toe  is  either  palpably 
present  as  a  distinct  digit  or  absent.  When  present  the  two  hind  toes 
may  consist,  as  in  the  normal  Dorking,  of  a  short  toe  like  the  hallux 
of  a  4-toed  bird,  with  a  long  many-jointed  digit  proximal  to  it  pointing 
upwards.  The  two,  however,  may  often  be  both  short,  pointing  down- 
wards, never  both  long.  This  condition  ranges  through  many  stages 
of  bigemination  down  to  mere  bifidity  of  the  nail.  A  form  very 
rarely  seen  is  an  elongation  of  the  hallux  without  any  extra  toe  being 
present.!  In  such  a  hallux  there  is  increase  in  the  number  of  phalan- 
geal joints.  This  of  course  corresponds  to  the  three-jointed  pollex 
in  man.     More  or  less  complete  webbing  is  common  in  cross-breds. 

*  This  foot-character  can  be  sufficiently  made  out  in  chicks  after  about  12  dajs 
of  incubation. 

t  [A  chick  has  lately  occurred  with  such  a  "  lonff  "  hallux  bigtminui — ^ro^^^sWc^ 
a  hitherto  unrecorded  form.]    March,  1902. 
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all  show  the  existence  of  tl 
this  condition  is  shown  on  oi 
extra-toed,  l)Ut  the  fact  is  sti 

JJrotvn  Lefjiiorn  o 

Nearly  white  in  general 
splashes  almost  exactly  as 
crosses.     Otherwise  like  the 

To  the  statement  in  reg; 

ment  25  form  an  exception. 

^1  (lark,  two  were  doubtful,  an- 

tlarks  were  reared,  and  one 
white,  while  the  other  turnc 
remembered  that  Cr  121  h] 
i*ogarded  as,  to  some  extent 
and  141). 

Jrhite  Lf'fjhi 

Of  the  latter  breed  only  oi 
<lifFerent  WTiitc  Leghorn  coc 
some  cases,  with  yellow  legs 
downwards  behind,  sis  in  the 
the  skull ;  wattles  to  corres 
white.  In  general  shape  like 
eggs  like  her,  and  like  her  exce 
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statistics  can  bo  obtained  in  regard  to  them  than  as  to  the  other 
characters.  In  what  follows,  therefore,  primary  regard  is  had  to  these 
characters,  though  some  important  considerations  arising  out  of  the 
other  characters  must  also  be  considered  later. 

Jjuiicaiian  of  the  Mendelian  Laws. — Description  of  the  detailed  results 
may  be  greatly  facilitated  if  we  anticipate  the  recital  of  experiments, 
;uid  state  at  once  that  in  a  considerable  group  of  the  crossings  the 
operation  of  the  Mendelian  laws  can  be  perceived.  This  group  will 
l)e  considered  first,  and  for  convenience  will  be  referred  to  as  the 
Mendelian  group.  Many  complications  must  be  dealt  with,  but  so  far 
nothing  conflicts  with  the  main  result. 

The  cases  grouped  as  Mendelian  all  show  clear  dominance.  By 
speaking  of  the  remainder  as  non-Mendelian  it  is  not  suggested  that 
the  heredity  is  not  in  accordance  with  the  Mendelian  principles ;  but 
merely,  that  as  there  is  a  condition  more  complex  than  that  of  simple 
<lominance,  the  application  of  the  Mendelian  principles  cannot  ]ye 
clearly  followed  out. 

Using  the  Indian  Game  birds  of 

Sections  1  and  2,  and  their  direct  descendants    ...  p.  90 

Section  3 p.  91 

The  hen  of  Section  4 p.  91 

The  cock  of  Section  5    p.  91 

The  Dorkings  of  Sections  1  and  2 pp.91  and  92 

and  the  Wyandotte  hen p.  94 

with  any  of  the  Leghorns,  male  or  female,  the  facts  show  that 

pea  comb, 
rose  comb, 
extra  toe* 

nru  dominant  characters,  and  that 

single  comb, 

the  normal  foot 
aie  recessive  characters. 

We  are  thus  provided  with  a  terminology  and  a  rationale  of  pheno- 
mena, which  when  we  come  to  the  more  complex  results  will  be  foimd 
H  valuable  guide. 

Purity  of  Strains, — A  word  must  now  be  said  as  to  the  purity  of  the 
.strains.  When  the  Mendelian  principles  are  appreciated,  purity  acquires 
a  new  and  precise  meaning.  This  we  shall  subsequently  discuss  (see 
p.  134).  For  the  present  it  will  suffice  to  say  that  in  regard  to  the 
various  Leghorns,  we  have  no  evidence  of  a  bird,  the  offspring  of  two 
Leghorns,  having  a  comb  other  than  single  or  a  foot  other  than  four- 

*  The  dominance  of  this  character,  as  will  be  seen,  is  not  abMV>ai5u^^^\i^^<stQ'«»> 
])red  without  any  trace  of  extra  toe  may  be  DB.  in  Tev^Qc\>  ol  >>i<si(.  ^^cAx««^«t . 
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twenty  to  fifty. 

Mkn 
(■ntssf's  between 
Details  of  Exp 

The  following  lists  give  the 
comb  obtained  by  crossing  th 
horns.  The  breeding  of  the  Ii 
experiments. 

By  "  1  year,"  **  2  years,"  A 
that  it  was  in  its  first  or  secc 
sequent  experiments  are  niiml 

tl.  T.G.BSA?  (lyea 

2.  „    BSL$  (2yeai 

3.  „    13SR  9  (2  yeui 

4.  „    BSB  $  (2  yoai 

From  BSB  ?  (one  year)  x  1^ 
thoroughbred  Indian  Games — 
Leghorns,  gave  the  following  : 

6.  Babr.  110?  (1  yonr)  x 

6.  Babr.    89?   (1  year)  x 

7.  BrLl?(lyoar)  x 

8.  Unknown         white 
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From  the  original  Indian  Game  of  the  Mendelian  sections,  thorough- 
breds were  raised  as  follows  : 

(Own  br.  and  sis.)  BSL  ?  -y-BS  <J  BSB  ?  -r-BS  ^ 

D26  ?  D86  ?  — , — D80  <J 

I.a.672 
BSB$  xD30^ 

3  pullets. 

From  the  original  White  Leghorns,  thoroughbreds  were  raised  as 
follows : 

LK9yLK^  Legh.89?-rLK<J 

Legh.40(J      Legh.96?  j  Legh.91^         Legk878$      Legh.369? 

Legh.35?-rLegb.91^    Logh.lU? 

i 

9  chicks  died  young. 


Legh.  110  ?  -rBabr.  ^  Legh.  110  $  x  LK  <; 

T  I 

I ' 1  Legb.47? 


lO  ^  -1 200  tf  -pllU  ^ 

878  9j872^ 

558^  hatched  1901.* 

Using  these  birds,  the  following  results  were  obtained : 

P.c.  S.C. 

9.     I.G.        36?  (1  year)  xBabr.^a  year) 7        0 

10.  „  26?(lyear)x      „      (1  year) 4        0 

11.  „  67  ?  (1  year)  X  Legh.  286      (1  year) 6        0 

12.  „  8  puUets  (BSB  9  x  B80  S  )  x  Legh.  866  ^  (1  year)        12        0 

All  pullets  used  in  Experiments  9 — 12,  were  late-hatched  the  year 
before,  and  consequently  laid  few  eggs,  apart  from  any  question  of 
effects  of  in-breeding. 

P.c.     S.c. 

13.  I.G.         92?  (ly%ar)xLK^(2years) 18        1 

14.  „  „     (2  years)  X  91  (LK  X  LK) 28        0 

From  matings  1 — 14,  in  some  of  which  the  Leghorn  was  father,  in 
others  mother,  were  produced  pea  comb  182,  single  comb  1,  so  that, 
with  one  single  exception  there  was  complete  dominance  of  the  pea 
comb. 

To  these  cases  of  complete  dominance  we  may  add  the  following,  in 
which  it  must  be  noticed  that  Indian  Game  blood  from  a  new  source  is 
introduced.    From  Indian  Game,  BSR?  x  Indian  Game  Brom.cf,  a 

*  The  numbers  in  this  pedigree  are  those  b^  NtlnicVi  \\v«k\xa^  ^t»  «^«5»sfsv  ci\. 


If-  M         „       H9?(2yea] 

17.  Bi-owii  Legh.  1  $  (2  yeai 

1«.  Legh.  96  5  (ly(«ar)xr.G 

1^'  „      35  V  (2  yearsi)  x 

in«.  I.G.  120?  (1  year)  X  Leg 

In  all,  therefore,  these  two 

ful  8.0. 

The  other  Meiidelian  IiuHhi 

20.  LG.Brom.  ?  (I  year)  x 

21.  Legh.  Babr.  89  ?  (1  year) 

22.  La.BSN?  (2ycars)xLe 
22«-       „         „      (2year8)xBr 

23.  „    BSM?(2vear!.)xL 

From  these   25  matiiigs,  th 
and  1  doubtful. 

Crof!s(fs  bdween  hu 
Ddoih  of  IJxjTerimcnf.i  in  rvfjon 


24.     Cr?  121(1  year)  X  Legh.  285 
2^-  »         (2    years)  x  Brown 

(2  Tears) 

26.  Cr?  122(1  year)  X  Legh.  B»b 

27.  Legh.  18?  (1  year)  xCr^ri 
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Taken  together  there  were — 


K.t. 

EX. 

R.O. 

Intenn. 

8.C. 

both  tides. 

one  side. 

No  e.t. 

123 

1 

1 

100 

5 

2 

The  dominance  of  the  rose  comb  is  therefore  almost  complete,  while 
that  of  the  extra  toe,  though  very  strong,  is  not  quite  so  complete. 
Experiment  25  proves  that  the  dominance  of  the  extra  toe  was 
distinctly  imperfect  as  against  the  normal  foot  of  the  Brown  Leg- 
horn cf .     These  results  are  referred  to  on  p.  113. 

White  JVyandotte  and  White  Leghorns. 

B.C.       8.C. 

30.  Wy.  9(1  year)  xLegh.Babr.<J(l  year) 17  0 

31.  „     (2yearB)x     „    LK<;(8yean) 5  0 

32.  „     (lyear)x      „    40<J(lyear) 3  0 

33.  „     (2yeari)x      „    91,J(lyear) 20  0 

In  all,  therefore,  this  hen  produced  46  rose  combed  chicks  by  four 
cocks  and  no  single  comb.*  All  the  chicks  reared  were  white,  or  white 
with  a  few  ticks  of  black,  barred  in  several.  The  general  shape  agreed 
nearly  with  the  Wyandotte  :  legs  and  bill  yellow,  ear-lobes  red  patched 
>vith  white. 

Experiments  1 — 33,  therefore,  show  that  the  pea  comb,  rose  comb,  and 
extra  toe  are  in  certain  strains  dominant  almost  without  exception.  A 
distinct  departure  from  this  regular  dominance  as  regards  toe  is  seen  in 
Experiment  25  (see  p.  113). 

First  Crosses  bred  togetJier. 

34.  From  Experiment  17,  Brown  Leghorn  1  ?  ,  by  Indian  Game  59  (J , 

4  pullets  and  1  cockerel  were  taken,  and  their  eggs  incubated  through 
the  whole  breeding  season  of  1901. 

They  gave  166  pea  combs  and  59  single-combs,  or  2-8  :  1.  All  the 
chicks  were  more  or  less  dark  on  hatching.  Those  that  were  lightest 
were  buif  but  had  dark  quills  showing,  so  that  there  is  no  doubt  they 
would  all  have  proved  dark  birds. 

35.  The  cock  (dark ;  pea  comb)  used  in  Experiment  34  was  put  with 

5  hens  (light ;  pea  comb),  viz.,  3  that  had  been  used  in  Experiment  36, 
1  bred  in  Experiment  14,  and  1  bred  in  Experiment  5.  This  was  at 
the  end  of  the  season,  1901,  when  most  hens  had  stopped  laying.  It 
was  not  known  which  hens  laid  the  eggs,  but  they  gave  collectively 
19  p.c.  and  6  s.c.,  or  3*1  :  1. 

The  colour-result  was  altogether  contrary  to  simple  expectation  on 

♦  Mr.  GrosveDor  Berry  informs  us  that  in  croates  \\«  ^la*  tcaj^  ^ir\S<DL  Qt^^«^ 
Wyandotte,  the  rose  oomh  was  always  dominant,  mVivowXi  ©xc«pg>\a$sa*  a^«^  «ca.^«k 
comb. 
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the  hypothci^^is  that  the  coh  m-jlLkhis  of  Brown  Leghorn  and  Indian  Game 
eaii  lie  tri^Htefl  us  huth  ulikc  ''  dsirk,"  The  chicks  were  nineteen  dark 
iiuil  BIX  light,  whereiLB  equality  would  be  expected  on  the  above 
hypothesis*      [See  nut^,  p.  141.] 

36.  From  Exi>enmcnt  17  (Leghorn  Babr.  42?  x  Indian  Game 
■"j1}(^)  four  pnUuts  and  one  corkercl  were  similarly  bred  together  for 
the  season,  1  DO!  ^  with  the  result.  1  47  pea  comb,  and  45  single  comb,  or 
:V27  ;  1. 

h\  this  eai^e  the  ^rajKl parents  wero  of  strikingly  different  colours, 
wliiie  ;in<l  thirk  respectively,  and  as  hii-s  been  sjud  the  first  crosses  in 
these  ma  tings  iirc  H^ht  liirrls.  Taken  l)roaclly,  therefore,  It^hi  is  here 
dominant,  and  dark  m  reee.^sive.  iinrl,  ;is  a  matter  of  fact,  the  offspring  of 
Experiment  .Sfj  consisted  of  Ik!  lights  and  41  dark,  or  3*6  :  1,  a  pro- 
portion not  greatly  removed  from  3  :  L 

(Tronped  according  to  Imth  characters,  eoml>  and  colour,  the  oflTspring 
we  re- 
Light  with  pea  comb  Ill 

„  single  comb 37 

Dat  k  ^vith  pea  comb . .       34 

,,         single  comb 8 

If  the  mimhers  followed  strictly  Menders  laWj  they  should  be  a 
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no  extra  toe.     Here  also  the  combe  depart  widely  from  3:1,  being 
5 : 1  (c/.  Experinvent  37),  while  the  toes  being  78 :  29,  agree  precisely, 
being  3*0  : 1.     (As  to  these  numbers,  see  note,  p.  140.) 
Grouped  according  to  both  characters,  they  were — 

Rcwithe.t 64 

Re.  without  e.t 21 

S.C.  with  e.t 12 

S.C.  without  e.t 5 

The  nearest  Mendelian  series  of  numbers  is  63  :  21 :  21 : 7. 

In  this  experiment  six  dark  chicks  (not  reared)  occurred,  though 
both  birds  in  Experiment  24  were  light  (see  p.  98). 

39.  At  the  end  of  March  the  cockerel  used  in  Experiment  38  died 
of  tuberculosis,  and  the  cockerel  used  in  Experiment  37  was  put  to  the 
hens  of  Experiment  38.  On  reference  to  Experiments  24  and  29,  it 
will  be  seen  that  the  cock  was  in  composition  the  reciprocal  of  the 
hens.  As  the  results  of  the  two  experiments  were  similar,  the  hens 
were  put  to  the  new  cock  without  an  interval,  and  consequently  a  few 
of  the  chicks  here  reckoned  were  doubtless  by  the  first  father.  At 
the  end  of  the  season  also  the  hens  of  Experiment  37  were  added  to 
those  of  Experiment  38,  and  laid  about  10  of  the  chicks  here  reckoned. 

The  results  were  118  rose  combs,  35  single  combs;  131  with  both 
extra  toes,  28  with  no  extra  toes.  The  combs  are  therefore  in  the 
ratio  3*3 : 1  and  the  feet  4*7  : 1. 

Grouped  according  to  both  characters,  there  were — 

E.C.  withe.t 94 

R.C.  without  e.t 23 

S.c.  withe.t 32 

S.c.  without  e.t 3 

Here  there  is  a  considerable  deficiency  of  no  e.t.  birds.    The  nearest 
Mendelian  series  is  90 :  30 :  30 :  10. 
No  dark  chicks  occurred  here. 

Experiments  37,  38  and  39  together  give — 

R.C.,  273;  s.c,  65;  or  4*2  :  1 
E.t.,  272;  no  e.t.,  79 ;  or  3*4  :  1 

Grouped  according  to  both  characters — 

Re.  withe.t 208 

R.t;.  withoute.t 63 

S.c.  with  e.t 54 

S.c.  without  e.t 11 
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Ae  was  seen  in  Experiments  37  and  38,  tlio  rccessivis  ftmt^  wmt 
deficient,  while  in  Experiment  39  the  greater  deficieii«-*y  was  in  tlic 
recessive  feM.  These  two  deficiencies  in  this  final  tahle  partly  i-aiictl 
each  other,  but  as  the  whole  number  in  Experiment  39  iroe  tar  grtmiar 
than  in  the  other  two,  the  table  is  overweighted  by  the  pDCuliarity  of 
that  family. 

In  the  chief  departures  from  3:1,  the  near  apprcHichea  to  5:1 
should  be  noticed,  viz,  : — 

In  £jq)erim.ent  37  the  combs  art; ,«....     5^4  :  I 

*i  38        ,,        „      5  0:1 

3d  the  feet  are  «*..*...     4-#  :  1 

Whether  this  is  a  mere  eoincidenca  vnthout  further  significiiJiee 
cannot  yet  be  said. 


fFijaTtdotfe-Lf^horn  First  Crosses  bred  tog^tken 

40«  Foiu"  pullets  and  one  cockerel  from  Experiment  33  bred  togieUier 
imtil  end  of  July,  1901,  gave  196  rose  combs  and  79  singleSt  whieli  i» 
approximately  only  2^5  ;  I ,  Here  the  recemives  for  the  first  titne  con- 
siderably exceed  the  expected  proportion  of  1 : 3. 

It  is  a  remarkable  fact  that  in  this  matins  a  number  of  dark  dtieb 
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Domiiuird  First  Crosses  bred  with  Pure  llecesdve, 

41.  The  four  pullets  used  in  Experiment  40  after  their  resting- 
season  were  for  the  remainder  of  1901  put  with  a  pure  Leghorn 
cockerel  Leg.  369  cf .  They  gave  46  r.c.  and  50  s.c,  or  almost 
equality,  which  the  law  demands.  All  chicks  of  course  light  in  colour. 
This  experiment  was  very  kindly  carried  out  for  me  by  Mr.  K. 
Assheton,  Lecturer  on  Biology  to  Guy's  Hospital. 

42.  A  similar  experiment  was  made  with  three  dominant  first  crosses 
raised  respectively  in  Experiments  5,  15,  and  16.  Put  with  a  pure 
Leghorn  (355  cf),  for  the  latter  weeks  of  1901  they  gave — 

P.c.  S.O.  Light  down.        Park  down. 

28  30  57  0 

Here  again  the  approach  to  equality  is  very  close.  There  are  of 
course  no  dark  coloured  chicks,  as  only  one  grandparent  was  coloured. 

Nevertheless,  that  the  peculiarity  of  the  male  if  permanent  is  not 
of  itself  enough  to  explain  the  aberrations,  is  shown  by  a  comparison 
of  Experiments  37  with  38  and  39.  In  Experiment  37  the  same  male 
was  used  as  in  Experiment  39,  the  females  being  the  same  in  Plxperi- 
ments  38  and  39.  But  while  the  feet  are  practically  3D  :  IR  in  Ex- 
periments 37  and  38,  they  are  4*7  : 1  in  Experiment  39.  Conversely, 
while  the  combs  are  3*3  : 1  in  Experiment  39,  they  are  about  5:1  in 
the  other  two  experiments.  There  is  at  present  no  obvious  explana- 
tion of  these  results,  and  we  can  only  accept  the  conclusion  that  not 
only  different  individuals  similarly  bred  may  give  different  propor- 
tions, but  that  these  proportions  may  change  also  at  different  times 
(^/,  p.  121). 

Totals  of  Mendelian  First  Crosses  bred  togethek. 

Experiments  34 — 39,  added  together,  give  the  following  totals. 
Though  not  strictly  legitimate,  such  promiscuous  addition  is  rendered 
less  objectionable  for  the  reason  that  in  the  case  of  each  character 
which  departs  considerably  from  3:1,  there  are  grounds  for  regarding 
such  a  departure  as  an  oscillation  and  not  a  departure  peculiar  to  the 
character. 

Pea  comb  and  single  comb — 

P.c.  S.c. 

Experiment  34 166  59 

35 19  6 

36 147  45 

33^  \\Qw^\\ 


^'-xi)m] 

..j..- 

i)ominant  combs  tc 

i  •-■»,: 

If  1  > 

Kxtra  toe  and  no  e. 

'If 

y^xpevin 

15-:. 

(1 

Taking  combs  and  f( 


J'liinuujf.^Thii  case  < 

IS  very  doubtful  if  the 

others  at  all.     As  was  i 

white,  birds.     M^e  may 

"  dark."    j\Ioreover,  its 

young  chicks,  they  can  c 

But  from  those  that  wc 

"dark  "  class  consists  of 

of  which  are  recurrent  ai 

At  the  present  tinm  is^of 
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ments  36  and  76 — 80)  gave  some  blacks,  some  cuckoos,  and  some 
nearly  approaching  Indian  Game. 

In  each  case  the  "  light "  classes  consist  of  some  pure  white  birds, 
many  white  birds  flecked  with  black  or  red,  such  as  occur  in  the  first 
crosses ;  and  in  the  Br.  Legh.-Dorking  crosses,  some  white  birds  with 
chestnut  breasts  ("  pile  "). 

Until  the  experiment  is  completed,  no  statement  can  be  made,  but 
the  opinion  may  be  hazarded  that  at  least  some  of  these  colour  forms, 
if  corresponding  cocks  and  hens  were  mated,  would  breed  true  from 
their  first  appearance  (see  p.  144). 

The  Experiments  76 — 81,  from  which  the  colour  results  are  now 
under  discussion,  were  made  with  families  which  were  non-^Iendelian 
as  regards  structural  characters,  but  as  regards  colour  these  families 
were  Mendelian  in  the  sense  that  "light"  was  dominant  against 
"dark." 

Eemembering  the  caveat  expressed  above,  taking  all  cases  in  which 
the  first  crosses  between  dark  and  white  breeds  have  been  bred  together, 
we  have  the  following  results  : — 

Light  down.      Dark  down. 

Experiment  36 149  41 

76 50  10 

77 49  16 

78 56  24 

79 106  40 

80 8  1 

81 131  44 


549 


176  or  31  :  1 


Grand  Totai-s. 

Adding  all  dominants  and  all  recessives,  we  have — 

Dom.  Eec. 

Pea  comb  and  single 332  110 

Dorking  rose  comb  and  single  ...     273  65 

Wyandotte  rose  comb  and  single     196  79 

Extra  toe  and  no  extra  toe  272  79 

Light  down  and  dark  down 549  176 

1622  509  or  318  :  1 

Though  this  total  agrees  closely  with  the  expected  3  : 1,  it  must  not 
be  forgotten  that  several  of  the  observations  which  contribute  to  the 
result  show  considerable  departures  from  it,  and  we  may  suspect  that 
some  of  these  are  not  merely  fortuitous  accidexvXi^. 

For  the  present  also,  we  do  not  know  t\iax.  \Xi^  c^lXtc^'^jX^^^^^^'s^'^^'^'^ 


ire  pure,  or  that  the  flominants  consist  of  piire  nud  croasedj  as 
may  he  expected  to  do,  in  the  proportions  of  1:2,     But  taken  gcncr- 
ully,  there  is  so  close  an  agreement  with  expeetation  that  these  projjo^j 
dons  on  which  the  expectation  is  based,  can  scarcely  l^e  other  thnti  nJk^ 
least  a  fair  approximation  to  the  truth. 

Colmtr  of  Legs* 

The  colour  of  legs  and  bills  cannot  be  iafely  determined 
maturity,  and  consequently  the  numbers  are  too  small  to  wan-anl 
itateraent  of  statistical  proportions-  It  may  nevertheless  be  stai 
that  fimiUhiimlf/  the  offspring  of  first  crosses  between  WTiite  Dorking 
and  the  Leghorns  agree  with  the  Mendelian  expectation.  Am  stated 
above,  such  first  crosses  have  wbitijah  legs,  but  the  offspring  of  tbe 
first  crosses  bred  hUef'  se-  have  either  white  (ineluding  whitish)  le^  'h 
yellow  legs. 


Gemml  ItesulL 
Taking  together  the  structural   characters  of  comb  and  foot 


the  colour  of  legs  it  appears  that  each  is  transmitted  independently* 
Ab  a  result,  therefore,  the  several  characters  may  be  combiited  in 
Individuals  l^red  from  first  crosses  inter  se  in  any  combination,  pro- 
ducing, for  example,  birds  with  single  combj  extra  toes  and  white 
legs ;  rose  comb,  no  extra  toe  and  yellow  legs,  ite^j  thus  fidtillin^ 
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On  the  contrary,  the  cock  in  4  (p.  91)  Brom.  cf  and  the  cock  in 
6  (p.  91),  Gr.  c?,  gave  mixed  offspring  with  Leghorn  hens,  as 
follows : — 

P.O.        8.0. 

43.  Legh.  LK  J  (1  year)  x  I.a.  Brom.  $  (1  year) ....       7  18 

44.  „      Babr.  42  $  (1  year)  x  I.a.  Brom.  ^  (2  years)     10  10 

45.  „      Bd.  $  (1  year)  x  I.a.  Brom.  ^  (2  years)  ...       7  5 

46.  „      47  9  (1  year)  xLa.Gr.^  (1  year) 14  21 

Of  these  5  p.c.  and  8  s.c.  were  laid  by  89  $  alone 
after  removal  of  47  9  • 

48.  Legh.  ¥  (breeding  unknown)  x  I.G-.  Gt.  ^  (1  year)       8  4 

This  hen  was  used  in  Experiment  8  (^.v.). 

Each  mating  therefore  in  which  these  cocks  were  used,  resulted  in 
a  mixture  of  pea  and  single,  though  the  proportions  vary  greatly. 

A  family  (see  table,  p.  112)  of  five  Indian  Game  birds  were  raised 
from  the  hen  BLR  $  and  Brom.  cJ^.  Of  these,  three  were  females, 
viz.,  I.G.  17  ? ,  I.G.  90  ? ,  and  I.G.  94  ? ,  and  two  were  males, 
I.G.  12  (J  and  I.G.  15  (J.  Bred  with  Leghorns  these  five  birds  gave 
mixtures  as  follows  : — 

P.c.        S.c. 

49.  I.a.  17  8(1  year)  X  Babr.  ^  (1  year) 20  16 

50.  ,,        (2  years)  X  Legh.  286  ^  (1  year) 16  14 

51.  „        (8  years)  x  Legh.  678  i  (1  year) 12  11 

52.  I.a.  94$  (1  year)  X  Legh.  40^  (1  year) 2  8 

53.  ,,        (2years)xLegh.  LK^  (2years) 15  10 

54.  „        (2years)xLegh.  91^  (lyear) 9  16 

65.  „        (8years)xLegh.  91^  (2years) 4  1 

66.  I.a.  90  $  (2  years)  x    „    (1  year) 6     12 

67.  „    (8  years)  X    „    (2  years) 6      2 

68.  „        (2  years)  X  Legh.  286^(1  year)   6  8 

69.  „        (8  years)  x  Brown  Legh.  ^  (2  years). . .     18  11 

60.  Legh.  Babr.  89  $  (2  years)  x  I.a.  16  i  (2  years).  •       8  5 

61.  Legh.  Babr.  110?  (1  year)  x        „       (1  year)  ..12  12 

62.  Brown  Legh.  $  Br.  L.  1  (1  year)  x  I.a.l2  $  (1  year)      4  8 

It  is  seen,  therefore,  that  each  of  three  hens  and  two  cocks,  raised 
as  above,  gave  mixtures  when  bred  with  various  Leghorns,  and  again 
the  proportions  of  such  mixtures  vary  greatly.  Two  of  these  I.G 
birds,  out  of  BSR  ?  x  Brom.  (f ,  viz.,  I.G.  90  ?  and  I.G.  12  cf ,  were 
selected,  and  from  (them  were  raised  a  family  of  which  two  only 
survived.  This  family  consisted  of  six  chicks  with  single  combs  (see 
p.  112)  and  six  with  pea  combs,  among  which  were  the  two  survivors, 
I.G.  59  (f  and  120  ?.  The  supposed  "pure"J.G.  birds,  therefore, 
themselves  gave  a  mixture ;  but  the  only  two  survivors,  themselves 
pea-combed,  gave  exclusively  pea-combed  offspring,  with  one  doubt- 
ful exception  only  (see  Experiments  15 — 19a). 

From  LG.   17  ?  xLG.  Rd.  ^  was  produced  %.  iaxcSi^  o1  >i>Ka\«Bs^ 


12 


Mr,  W.  Bate^on  and  Miss  E.  R,  Saunders. 


hiclcBf  all  pea  comb.     Of  these,   one,  I,G*  37  ?  ,  w*is  crossocl  with 

jeghorn  J  ^^^  follows : — 


63,     T.d,  37  $  (2  jears)  x  Legli .  3T3  ^  (1  year) 2a 


Previoua  to  the  foregoiwg  crosses,  LG.  37  ?  was  hred  with  LG*  M  J^ 
producing  a  aeries  of  chicks  all  pea  coml>ed,  of   which    two  pidleL 
Xk  416   9  and  417    ?,  and  one   cockerel   LG*   419  J,  have 

.Tossed  'tt'ith  Leghorns  as  follows  : — 

G4.     Legh.  47  $  (2  jeart)  k  I.Q,  410  ^  (L  jtof^  ,.<.*.       4 


t;5.         „      90  ?  (2  jeara)  x          „           (1  T?«ir) 11 

6G.         „    114  ?  (1  ye^)  rK           „          (I  jffiw) 2 

67.  n    372  $  (1  rear) «           „           (1  jcar) 7 

68,  JM.  416  ?  {1  jear)  x  Legh.  91  ^  (2  yeow) 3 

^,       ,,      4l7¥(ljpar)x       „      309^  (I  jrc^ap) G 


4 
14 

10 

d 

4 


Table  of  Kelationship  of  I.G,  Birds  which  gave  Mixture 
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I 
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BR 


EdPT-17? 
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80^-^37? 
D     1  DR 


04? 
DR 


90S?' 
DR 


— r — 

-12  d 

BR 


DIt 


(0  s,c.      (4  p,e. 
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59^ 
D 
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Of  the  two  birds,  (f  and  ? ,  from  Miss  Knowles,  the  cock  only 
was  tried  with  Leghorns.  In  each  case  he  gave  some  recessives,  both 
as  regards  comb  and  toe,  as  follows  : — 

70.  Legh.  Babr.  42  ?  (2  years)  x  Dork.  K.  (f  (1  year)  gave  in  1900— 


B.C. 
30 


S.C. 
18 


Both  e.ts. 
46 


le.t. 
1 


No  e.t. 

1 


71.  Legh.  Babr.  42  ?  (3  years) 
with 
Legh.  Babr.  110  ?  (3  years) 


} 


xDork.   K.  (J(2   years)   gave    in 
1901— 


B.C. 
31 


S.c. 
21 


Both  e.ts. 
64 


le.t. 
I 


No  e.t. 
2 


72.  Legh.  Babr.  42  ?  (3  years)  alone  x  Dork.  K.  ^  (2  years)  gave  in 
1901— 


B.C. 
29 


S.c. 
19 


Both  e.ts. 
36 


1  e.t. 
1 


No  e.t. 
0 


73.  Legh.  Babr.  110?  (3  years)  alone  x  Dork.  K.  ^  (2  years)  gave  in 
1901— 

B.C.  S.C.                Both  e.U. 

8  7                        15 

74.  Brown  Legh.  Br.  L.  1  ?  (2  years)  x  Dork.  K.  (f  (1  year)  gave  in 
1900— 

B.C.                 S.c.  Both  e.ts.          1  e.t.           No  e.t. 


35 


36 


59 


75.  Br.  L.  1  and  Br.  L.  2  together  (3  years)  x  Dork.  K.  ^  (2  years) 
gave  in  1901 — 


B.C. 

S.C. 

Both  e.ts. 

le.t. 

No  e.t. 

57 

68 

93 

17 

16 

Between  these  two  hens  the  last  results  cannot  be  allotted  with 
certainty,  but  it  was  known  that  Br.  L.  1  ?  contributed  to  these  totals 
at  the  end  of  the  season  after  removal  of  Br.  L.  2  $  . 


B.C. 

S.c. 

Both  e.ts. 

le.t. 

No  e.t. 

25 

28 

46 

3 

5 

25.  In  regard  to  coinh  this  experiment  has  been  given  in  the  Men- 
delian  group,  for  the  r.c.  showed  full  dominance  so  far  as  the  numbers 
went.     As  regards  foot-character  the  case  belongs  here. 

Cr.  ?  121  (2  years)  x  Brown  Legh.  (J  (2  years)  gave — 


B.C. 
22 


S.c. 
0 


Both  e.ts. 
16 


le.t. 
4 


No  e.t. 


It  is  to  be  remembered  that  the  hen  beVorvged  \^  \\va  ^\rc^>xv  ^\"^\ssX^ 
Dorkings  which,  with  other  LeghornB,  showed  doxcaxvKWi^  q'I  e^-^^  '^'^fe- 


of   the  previous  year,  and  s 
hatched." 

77. 

Legh. 

378  ?  (1  year)  x 

B.C.                   S.c 
19                       36 

78. 

Dork. 

262  ?  (1  year)  x 

R.c. 

1 

79. 

Dork. 

263  ?  (1  year)  x 

B.C. 

4 

Matings  with  Mewhi 

A.  FroDi  Ino 

Three  first-cross  pullets  111 
149  ?  ,  a  single-comb  bird,  wc 
(all  raised  in  Experiment  58), 
birds  were  all  white,  ticked. 

80.  Cross-bred  111  ?  p.c.  ( 
gave — 

P.c.  S.< 
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83.  Three  s.c.  pullets,  first  crosses,  cross-bred,  ?  's  44, 71, 117  (1  year), 
raised  in  Experiment  50,  were  bred  for  most  of  the  season  with  a 
single  comb  cross-bred  97  (f  (1  year)  raised  in  Experiment  54.  All 
four  were  white  ticked  birds.     ITiey  gave — 

P.c.  S.c.  Lt.  down.        Dk.  down. 

0  149  106  40 

T/iese  four  birds  with  recessive  combs  therefore  prodiicfid  no  dominant 
cmnh  at  all. 

84.  A  pea  comb  cross-bred  77  ?  (1  year)  raised  in  Experiment  54 
with  the  same  cockerel  as  used  in  Experiment  83,  for  a  few  days  only 
gave — 

P.c.  S.c.  Lt.  down.        Dk.  down. 

6  3  8  1 


B.  From  White  Dorkings  and  Leglwrns. 

85.  Two  r.c,  e.t.  pullets,  cross-bred,  249  ?  and  278  ? ,  raised  in 
Experiment  74  (out  of  Brown  Leghorn  1  ?  x  Dorking  K  (f),  bred 
for  the  season  1901  with  own  r.c,  e.t.,  brother  gave — 


R.c. 

S.c. 

Both  e.ts. 

le.t. 

No  e.t. 

Lt.  down. 

Dk.  down. 

131 

53 

135 

8 

49 

131 

44 

86.  A  pullet,  s.c,  e.t.,  cross-bred,  317  ? ,  raised  in  Experiment  70, 
was  bred  till  end  of  May,  1901,  with  cockerel  s.c,  no  e.t.,  cross-bred, 
305  ,   r<iis3l  ill  Ecp3'im3.i^.  74,    gave — 


R.c. 

S.c. 

Both  e.ts. 

le.t. 

No  e.t. 

Lt.  down. 

Dk.  down. 

0 

60 

45 

1 

14 

60 

0 

In  this  experiment  again,  the  birds  with  recessive  combs  have  been 
unable  to  produce  any  dominant  comb.  On  the  other  hand,  the  fact 
that  the  cockerel  was  without  extra  toes  does  not  seem  to  have  had 
any  effect  on  the  proportion  of  e.t.  to  no  e.t.,  which  are  approximately 
3:1,  as  would  have  been  expected  if  the  parents  had  been  domi- 
nant first  crosses  from  a  Mendelian  family.  These  birds  had  only  one 
coloured  grandparent,  and  are  therefore  unable  to  produce  any  dark- 
coloured  oft'spring,  in  conformity  to  the  expectation. 

87.  A  pullet,  own  sister  to  those  used  in  Experiment  86  (raised  in 
Experiment  70),  but  rose  combed,  with  extra  toes,  by  the  same  (f  305, 
s.c,  no  e.t.,  gave — 


R.c. 

S.c. 

Both  e.ts. 

No  e.t. 

Lt.  down. 

Dk.  down, 

8 

7 

10 

5 

15 

0 

88.  The  same  cockerel,  cross-bred  305  (J^u-ae^V  Viv'Si^^fvTCkfi^x^'^^ 
and  SI,  was  put  for  the  latter  weeks  ol  tite  Eea-aou  \^QV  v«\^  «^^ 


lift  Mr,  W.  Bateson  and  Miss  E.  K  Saimilers. 

They  cotloclmty 


pure  Leghorn  hens  of  various  agea  and  breeding. 
gave— 


J 


B.C. 
0 


S.c. 
152 


Both  gM. 
77 


1 


TO 


138  are  recorded  as  light  chicks,  and  there  wer&  uone  darJ 

Here  again  the  cockerel,  unfit  out  f.dra  hri%  gives  the  eamo  n 
if  he  had  been  a  Menclelian  dominant  first  cross  I     The   ahaettee  m 
dark-coloured  chicks  is^  of  coiirHe,  to  1)6  expected,  aft  unly  otio  grand 

parent  was  coloured. 


1^^^^^ 


Dhc^i&simi  of  N&H'Bfettddmn  Gfvap, 

It  has  Ijeen  seen  that  in  the  crosses  hoth  of  Indian  Game  with  Jjsg- 
horns,  and  of  Dorkings  with  Leghorns,  the  results  divide  theniitblveft 
into  two  groups.  In  the  first  group  the  firat  ct-ogaes,  almost  vritboui 
exception*  exhibit  the  dominant  charnctcra*  and  the  siibsequent  |in> 
geny  produced  by  l)reeding  these  first  crosses  mkr  s^  ol>ey  Menders 
Law  fairly  well.  There  are  departures  from  the  law  which  may 
possibly  indicate  special  disturbing  causes,  but  the  general  appiiai^ 
bility  of  the  principle  is  unmistakable. 

The  second  or  non-Mendelian  group  of  cases  is  much  more  ab 
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for  finally  answering  this  question  in  the  case  of  the  combs  is  not 
before  us.  It  was  not  until  the  bearing  of  the  Mendelian  discovery 
was  fully  realised,  and  its  applicability  to  these  phenomena  shown, 
that  the  absolute  necessity  for  a  decision  on  this  point  became  evident. 
Moreover,  until  at  the  very  least  three  successive  generations  have  been 
bred  the  point  cannot  be  quite  decided.  We  may  then  usefully  at  this 
stage  consider  the  facts  briefly  in  the  light  of  each  of  these  two 
hypotheses,  and  point  out  how  far  either  of  these  suppositions  is 
consistent  with  observation. 

Fird  Hypothesis :  tliat  every  Recessive  is,  in  composition ,  BB. 

According  to  this  view  the  two  original  Brom.  birds  must  be  re- 
garded as  of  different  composition,  the  ?  giving  x  Leghorn  LK  (^ 
(Experiment  20),  18  p.c.  and  0  s.c.  is  probably  to  be  considered  as  pure 
dominant,  DD.     The  (f ,  however,  gave  by  three  different  Leghorn 

hens  in 

P.c.  S.C. 

Experiment  43 7  18 

44 10  10 

46 7  5 

He  would  therefore  be  regarded  as  a  dominant  cross,  DR.  We  note 
that  in  Experiment  43  the  numbers  7  :  18  are  far  from  the  expected 
1:1,  being  1  :  2 '5.     To  this  point  reference  will  again  be  made. 

The  same  ^ ,  whose  possible  "  impurity  "  was  then  unsuspected,  bred 
(see  table,  p.  112)  with  I.G.  BSR  ?  of  undoubted  "  purity,"  gave  five 
birds,  of  course  all  p.c.  We  expect,  then,  that  of  these  half  were  DD 
and  half  DR.  But  all  these  five  I.G.'s,  when  crossed  with  Leghorns, 
gave  mixtures,  as  told  in  Experiments  45 — 58,  the  proportion  of  p.c.  to 
s.c.  being  again  very  various,  though,  as  a  matter  of  fact,  the  totals, 
122  p.c,  113  S.C.,  approach  the  expected  equality.  Five  is  a  small 
number  for  such  a  test,  still  it  is  noticeable  that  none  of  them  appeared 
to  be  DD,  while  on  this  hypothesis  half  should  have  been  so. 

Of  these  five  birds  two  were  bred  together,  and,  as  told  on  p.  112, 
there  was  at  once  a  mixture  of  peas  and  singles,  6  p.c,  6  s.c,  the 
hypothesis  expecting  3  p.c.  :  1  s.c.  Of  these  birds,  unfortunately,  two 
only,  both  p.cs.,  survived  to  be  tested.  Both  were  pure  dominants  DI), 
though  DD  :  DR  should  here  be  1  :  2. 

One  of  the  five  birds  (I.G.  ?  17)  here  assumed  to  be  DR.  with 
three  Leghorn  (f 's  gave  48  p.c.  and  41  s.c.  (Experiments  49 — 51) 
closely  approaching  the  expected  equality. 

This  hen  was  bred  with  I.G.  Rd.  g.  As  to  the  latter  the  evidence 
is  that  he  gave  (Experiment  21)  with  a  Leghorn  ?  29  p.c.  and  1  s.c, 
which  is  a  close  approximation  to  purity.  With  I.  G.  ?  17  he  gavti 
a  family,  all  p.cs.,  of  which  one  alone  was  tested,  I.  G.  ?  37,  proving 
(Experiment  63)  to  be,  on  the  hypothesis,  DR,  and  giving  x  Le^lwyt^^ 
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373  J,  2i^  p.c.  2^  sx.,  or  the  expected  I  :  L     The  same  h^n   k   LO. 
30  (^,    of  established  parity  (Experimenta  5—8),   gave  a   f amfliy  of   ' 
I  nrliiin  Gaiaes,  all  p.c.  of  course.     Three  of  these  wore    tc^t'Od   (Ei- 
perimenU  G4 — fi9),  giving  in  each  caae  a  nuxturCj  the  proportitms  agjuu 
varying.  ^ 

In  ;tdditioii,  therefore^  to  the  iive  birdg  rearod  out  of  BSR^f 
X  BroTD.  ?,  we  hiive  one  bird  out  of  I-G.  17  ?  x  RiL  ^,  and  lIip^^ 
birds  out  of  LG.  37  f  x  LO.  30  ^f,  nine  birds  in  nil,  whieh  gnir 
mixtures  on  crossing  with  Leghorns,  and  n^mt  which  did  noi  gi^i* 
mixtures,  though  the  hypothesis  expects  that  Mf  of  them  woiUd  giv« 
such  Tuixturei,  and  that  /w// would  not.  This  discrep^mcy,  tbou^h  far 
from  amounting  to  proof,  nevertheless  gives  a  deeidetl  suggestion  that 
the  hypothesis  we  are  considering  h  insuflScient  to  thorouglily  cxpUin 
the  phenomena.  It  must  l:>e  noticed,  too,  that  all  the  nine  itupi^K^c^i 
DE  birds  wqvg  ouf-hmL 

Taking  now  the  Dorking  cases,  it  is  clear  that  as  regards  comb  Uit    I 
Cresswell  strain  comes  very  near  **  purity/'  giving,  OH  crossittg  whh 
Leghorns  (Experiments  24—29),  123  r,c„  1  s.c.,  1  intermedrnte. 

As  regards  extra  toe,  we  have  already  called  attention  to  the  fewl 
that  as  Experiment  25  show^i,  the  evidence  is  net  Cjuite  m  Qhsolnte. 

The  Kjiowles  strain  was  represeijted  by  two  birds,  K^f  iind  K  2^^ 
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extra  toe,  nevertheless  when  bred  with  pure  Leghorn  hens  gave  as 
many  chicks  with  extra  toes  as  without  them  (Experiment  88).  As 
regards  foot,  therefore,  this  cross-bred  recessive  was  not  only  not 
pure,  but  behaved  exactly  like  a  cross-bred  dominant.  Such  a  fact 
must  be  a  complete  refutation  of  the  hypothesis  of  "  impurity  "  as  a 
sufficient  explanation  of  the  occurrence  of  recessive  foot  in  the  first 
crosses. 

It  also  suggests  very  strongly  that  in  cases  where  neither  character  has  com- 
plete dominance,  tJie  first  cross  may  produce  equal  numbers  of  gametes  transmit- 
ting each  character,  just  as  in  strictly  Mendelian  cases,  a  point  on  which 
more  evidence  is  greatly  needed.  In  such  a  case  selection  among 
the  first  crosses  may  effect  nothing. 

Second  Hypothesis  :  tJiat  Reeessives  produced  on  the  First  Cross  may  be  of  the 
Composition  DR,  the  usually  dominant  Character  having  Receded. 

That  this  hypothesis  is  a  true  one  in  the  case  of  the  extra  toe  is 
certain,  as  stated  in  the  last  paragraph.  If,  then,  a  character,  usually 
recessive,  may  thus  dominate  in  t]ie  first  cross,  it  may  become  neces- 
sary to  regard  as  crosses  some  of  the  recessives  produced  by  cross-bred 
dominants  bred  inter  se,  and  very  serious  complexity  may  thus  attend 
the  unravelling  of  breeding  results,  though  the  transmission  of  charac- 
ter may  occur  in  the  strictly  Mendelian  method  by  pure  gametes. 

Seeing  that  this  may  certainly  be  so  in  the  case  of  feet,  we  have  to 
consider  how  the  facts  stand  in  regard  to  comb. 

A  preliminary  consideration  which  goes  against  the  view  that  both 
the  Brom.  and  K.  birds  were  merely  impure,  in  the  ordinary  sense  of 
being  sensibly  mongrelised  with  some  other  breed,  is  the  fact  that  none 
of  the  birds  bred  thus  far  show  any  unexpected  character  except  in 
regard  to  comb.  In  other  characters,  notably  the  brown  colour,  a 
character  especially  complex  and  likely  to  show  such  impurity — there 
is  no  noticeable  departure  from  the  respective  breeds.* 

On  the  hypothesis  now  before  us  the  question  arises.  Why  is  it  that 
some  birds  should  have  given  mixtiu-es  on  crossing  while  others  did 
not  ?  Also,  Why  do  some  birds  on  crossing  give  mixtures  in  such 
different  proportions  ?  Until  the  facts  were  examined  in  the  light  of 
MendeFs  discovery,  it  was  proposed  to  answer  these  questions  by 
reference  to  the  suggested  effect  of  in-breeding.  The  B.S.  strain  had 
been  long  in-bred,  and  the  fact  that  on  crossing  they  gave  no  mixture 
was  attributed  to  this  cause.  On  out-breeding  this  strain  with  Brom.  cJ 
(see  table,  p.  112),  birds  were  produced  which  gave  mixtures  on  cross- 
ing. On  breeding  two  of  these  out-bred  birds  together,  brother  and 
sister,  two  birds,  I.G.  ^  59  and  ?  120,  were  produced  which  were 
wholly  dominant,  again,  as  was  supposed  on  account  of  tha  Q\oefe\st^<^^iiKN%. 

♦  Bejond  the  occasional  appearance  of  v\\\te  ie«X\vetti  \xv  V'tL*^  VvTi%  oja.^^^- 


-I 


This  is  Jigiiin  noticealile  ii 
cf  K.  Bred  wfth  two  in-)) 
seasons  (Experinieiits  74  and 
numbers  being  in  all  92  r.c. 
White  Leghorns,  not  in-l»re(l, 
excess  being  on  the  r.c.  side  ( 

As  regards  foot,  the  eviden 
Leghorns  scarcely  producing 
ill-bred  Brown  Leghorns  pre 
the   same   kind  was  seen  in 
Leghorn  was  used. 

Thus  after  the  lirst  three 
males,  Leghorns  40  (J  and  91 
distinct  excess  of  singles  over 
Leghorn  1  ?  gave  a  greater 
hens  did  with  the  same  co( 
dominance  of  the  in-l>red  ] 
Dorkings  seemed  to  show  thai 

Reference,  however,  to  the  p 
Brom.  (J  (P^xperiment  4.S)  pre 
mimbers  were  as  stated,  .<ov( 
The  mother,  therefore,  of  91 
even  greater  excess  of  singles 
in-bred. 

It  must  also  not  bo  innnitto 
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evidence  that  in-breeding  has  increased  the  dominance  even  on  the 
dominant  side,  as  the  cases  that  at  first  sight  point  so  clearly  in  that 
direction  may,  perhaps,  be  capable  of  another  explanation. 

On  the  recessive  side  the  evidence  is  even  more  uncertain.  It 
became  early  apparent  that  in  the  case  of  pure  recessives^  in-breeding 
did  not  have  that  strong  influence  on  the  determination  of  dominance 
which  it  may  be  suggested  it  had  in  the  case  of  pure  dominants ;  or 
rather,  if  this  effect  were  produced,  it  was  much  less  marked.  As, 
however,  none  of  the  actual  relationships  between  the  original  White 
Leghorns  were  known,  it  was  not  at  all  certain  that,  when  birds  of  the 
same  strain  were  mated  together,  the  offspring  would  be  very  closely 
bred  even  for  one  generation.  Lastly,  the  only  recessive  birds  yet 
tried,  which  are  known  to  be  the  offspring  of  brothers  and  sisters,  have 
not  yet  shown  any  certain  increase  of  dominance  (Experiments  51,  63, 
and  66). 

Whether  or  no  any  of  the  "  prepotency  "*  yet  observed  can  be 
fiscribed  to  in-breeding,  a  question  which  must  still  be  left  open,  there 
is  the  certain  fact  that  very  distinct  "  prepotency  "  did  appear  on  the 
recessive  side  in  many  instances  (Experiments  43,  50,  54,  56,  62,  68, 
also  in  74,  75,  and  77,  as  compared  with  70 — 73).  In  two  of  these 
cases  also  there  is  evidence  that  the  proportions  in  successive  seasons 
were  quit«  different  (cf.  Experiment  54  with  55,  Experiment  56  with 
57),  but  in  some  others  the  proportions  remained  almost  identical  in 
successive  seasons  (cf.  70  with  71,  74  with  75).  In  the  former  case  it 
should  be  noticed  that  in  Experiments  55  and  57  the  1.6.  hens  were 
old,  probably  in  their  last  season  of  laying,  and  though  the  hens  in 
75  and  71  were  of  the  same  age,  yet  3  years  of  breeding  does  not  in 
the  case  of  Leghorns  nearly  finish  the  period  of  fertility,  and  in  fact 
such  decline  had  not  begun. 

In  this  connection  reference  should  be  made  to  the  interesting  result 
obtained  by  Ewartt  in  crossing  a  pure  Turbit  with  a  Jacobin-Barb 
cross-bred  female.  Though  not  on  a  statistical  basis,  the  facts  arrived 
at  distinctly  support  the  view  that  with  the  age  of  the  mother,  the 
nature  of  her  gametes  changed.  It  is  not,  however,  certain  that  this 
change  was  merely  one  of  dominance, J  which  is  the  interpretation 
Ewart  suggests.  For  in  the  light  of  what  we  now  know  the  cross-breff 
mother  must  herself  have  been  producing  various  gametes  transmitting 
various  characters,  and  the  difference  in  the  results  at  different  ages 
may  consequently  have  been  due  not  to  a  change  in  dominance,  but  to 
the  production  of  gametes  carrying  different  allelomorphs  (see  p.  138). 

A  question  which  has  been  constantly  kept  in  view  is  the  possibility 
that  in  mixed  families  some  proportions  may  be  more  common  than 

*  This  word  is  used  as  signifying  determination  of  dominance, 
t  *  Sei.  Trans.  Roy.  Dub.  Soc./  1901,  vol.  7,  ip.  ^^. 
X  SuppJying  the  Mcndeliau  term. 
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phera.     On  the  hypothesis  that  all  such  mixtures  paitiL  to  tmptuily 
I  the  rlominant  side,  it  is  to  he  expeetetl  that  the  HVi^nigo  of  nil  siieh| 
Lses  would  show  the  proportions  equal.     This  expectatioti  as  rc^g^rdi 
)th  kinds  of  dominant  comb  compared  with  recessive  comb  t8  %'*T3r 
oaely  realised,  the  totals  being  459  rlominant,  47^  recoastvo«     Thi« 
j^uality  may,  nevertheleas,  hMve  heen  hroui^jht  uh<iiit  hy  mmny  iUiU^CH,  i 
loice  of  pairs,   ^c,  and   cannot   !je   reg?u-ded   as  Hignificatit,     Tbol 
ttention  of  those  who  are  practically  engaged  ill  such  expermieiLti^i 
lay  be  called  tu  the  considerable  frequency  of  cases  whcro  ccjiialily  irj 
pproachedj  to  several  cases  erf  IM^ :  2K  and  to  several  eas^s  ai  1  J>  ;  2TCJ 
"he  observations  are  yet  far  too  few  to  justify  uny  weight  Iieiiig  laid*] 
n  these  occurrences,  which  so  far  se^m  fortuitous. 
lif^nlfr^  of  Birffhrttj  fmm  Meftth^rs  of   Jfiy>vA/fV^/^*vijw   fmmUif':*,- 
16  *'  first  hypothesis,"  assuming  Menders  law  to  be  fitrictl y  fcsllnwcd, 
ie  results  on  iisiog  recessive  niemliera  of  niixed-first-croaii  faiuiltC!* 
hotild  be  the  same  as  when  pure  t-ecessives  were  used.     TKc  only  foot 
acessive  yet  tried  did  not  give  this  result  and  therefor-e  is  ptarnly  mi 
Lli  as  regards  foot.     The  comb  recesaives,  however,  when  bred  togetlier 
r  with  pure  single-combed  birds,  did  appear  pure  and  incapable  of 
ranamitting   the   dominant    character.      On   the   secon^l     hypotllM« 
liis  ia  the  fact  most  tUffieult  of  explanation  and  is  indeed  entirdy 
aradoxical. 
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comb  cross-bred  gave  respectively  38  p.c,  22  s.c,  and  46  p.c,  and 
21  s.c,  or  together  84  p.c.  to  43  s.c,  thus  approaching  2D  :  IR.  But 
a  single-comb  cross-bred  ?  from  the  same  family  mated  with  the  same 
male  (Experiment  82)  gave  34  p.c,  and  50  s.c  She,  however,  must 
be  supposed  (p.  115)  to  be  a  pure  RR,  and  thus  we  should  expect 
equality  in  her  offspring.  Therefore  we  perceive  that  the  cock  was  at 
this  time  almost  certainly  producing  an  excess  of  recessive  germs  ;  and 
as  the  three  hens  used  in  80 — 82  were  all  with  him  at  the  same  time, 
it  may  well  be  this  excess  of  recessives  which  has  caused  the  numbers 
in  76  and  77  to  depart  from  3  : 1. 

On  the  Dorking  side  in  Experiment  85  two  dominant  first  cross  hens 
from  Experiment  74  were  bred  with  own  dominant  brother,  giving 
131  rose  combs  to  53  single  combs,  or  2*47  :  1.  Again  the  recessives 
are  in  excess,  and  the  only  other  evidence  as  to  the  cock  is  the  slight 
indication  given  by  Experiment  87,  where  there  was  the  expected 
approximate  equality  in  a  total  of  only  15.  Taken  together  the  four 
comparable  totals  amount  to  215  D  :  96  R,  or  2*25  :  1.  Though  the 
departure  from  3  :  1  is  here  decided,  it  cannot  yet  be  taken  as  conclu- 
sive against  the  view  that  we  are  here  dealing  with  DR  birds,  for,  as 
has  already  been  seen,  considerable  fluctuations  are  to  be  expected. 

Suniwary  of  Coiiduidans  from  Expeiimenis  with  Poultry. 

1.  When  distinct  breeds  are  crossed  together  certain  structural 
characters  in  particular  strains  may  exhibit  the  phenomenon  of  domi- 
nancie,  the  antagonistic  character  being  recessive. 

Dominant  characters  are  pea  comb,  rose  comb,  extra  toe,  while  single 
comb  and  the  normal  foot  are  recessive.  In  the  case  of  each  of  these 
pairs  of  characters,  the  cross-bred  may  show  some  blending,  and  as 
regards  pea  comb  crossed  with  single,  or  extra  toe  with  the  normal 
foot,  the  intensity  of  the  dominant  character  is  often  considerably 
reduced.  In  these  cases,  it  would  be  possible  to  recognise  the  cross- 
breds  on  a  rule  from  the  dominant  parents,  though  sometimes  the 
dominance  may  be  complete.  The  recessive  form  is  always  quite  dis- 
tinct. 

2.  When  the  offspring  of  such  crosses  are, bred  together  their  progeny 
are  mixed,  some  presenting  the  dominant,  others  the  recessive  character, 
in  proportions  following  MendoFs  law  with  fair  consistency,  though  in 
certain  cases  disturbing  factors  are  to  be  suspected. 

3.  When  some  strains  possessing  the  usually  dominant  character 
were  crossed  with  pure  recessives,  this  first  cross  resulted  in  a  mixture 
of  dominants  and  recessives.  WTiether  in  the  case  of  coml>characters 
such  a  mixture  may  be  taken  as  proving  that  the  dominant  parent  was 
itself  giving  off  recessive  gametes,  or  aa  md\fc«A.m^  \X\a.\.  ^Oaa  w&x^s^^ 
recessive  character  may  sometimes  dommaXje,  \.\v^t^*\^  ^^^"^  ^^'^  ^Ni^^:^ssv>^' 
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x^i^jnii  itijiiiiiun    Vciiic^t   £^lCflti>,    ifui'   v»  111 

in  the  matin <|j  by  whidi  either  parent 
in   aftecting  tliese   proportions  was 
ixjrhaps  the  l)alance  of  evidence  is  in 

6.  In  White  Leghorns,  white  pi 
plumage,  and  the  offspring  of  the  fir: 
light  and  dark  birds  in  the  proporti< 
of  the  young  chicks. 

The  dark  class  thus  produced  cc 
some  are  definite.  A  few  individuali 
form,  while  many  depjirt  widely  froi 
dark  coloration  is  probal)ly  a  comj 
broken  up  into  component  character 
transmit  the  recessive  dark  colours  ai 
the  number  of  such  kinds  1>eing  un 
supposed  to  result  from  the  luiion  of 
the  light  binls  may  l>e  suppose<l  to  r« 
dominant  whitc-l>earing  gametes,  or 
gamete.  Consequently  the  dominai 
from  the  first  crosses  bred  together  a 

7.  White  shanks  and  bill  are  air 
shanks  and  bill.  The  first  crosses 
mixture  of  whites  and  yellows,  tho 
yet  been  determined. 

8.  There  is  no  correlation  yet  p 
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Part  III. — The  Facts  of  Heredity  in  the  Light  of  Mendel's 

Discovery. 

As  was  stated  in  the  introduction  to  this  paper,  with  the  discovery 
of  the  Mendelian  principle  the  problem  of  evolution  passes  into  a  new 
phase.  It  is  scarcely  possible  to  overrate  the  importance  of  this 
discovery.  Every  conception  of  biology  which  involves  a  knowledge 
of  the  physiology  of  reproduction  must  feel  the  influence  of  the  new 
facts,  and,  in  their  light,  previous  ideas  of  heredity  and  variation,  the 
nature  of  specific  differences,  and  all  that  depends  on  those  ideas  must 
be  reconsidered,  and  in  great  measure  modified. 

If  we  turn  to  any  former  description  of  breeding  experiments  we 
generally  perceive  at  once  that  the  whole  account  must  be  re-stated  in 
terms  of  Mendel's  hypothesis,  and  that  the  discussions  and  arguments 
based  on  former  h3rpotheses  are  now  meaningless^  As  an  illustration 
we  may  take  the  account  which  Darwin  gives  of  his  experiments  with 
peloric  Antirrhinum.*  He  crossed  the  peloric  form  with  the  normal 
and  vice  versd.  The  first  crosses  were  all  indistinguishable  from  the 
normal  or  zygomorphic  form.  These  were  allowed  to  fertilise  them- 
selves, and  gave  a  crop  consisting  of  88  normals,  2  intermediates,  and 
37  perfectly  peloric.  He  discusses  these  results  on  the  hypothesis  that 
the  normal  plant  has  a  "  tendency  "  to  become  peloric,  and  the  peloric 
a  "  tendency  "  to  become  normal,  "  so  that  we  have  two  opposed  latent 
tendencies  in  the  same  plants.  Now  with  the  crossed  Antirrhinums 
the  tendency  to  produce  normal  or  irregular  flowers,  like  those  of  the 
common  Snapdragon,  prevailed  in  the  first  generation;  whilst  the 
tendency  to  pelorism,  appearing  to  gain  strength  by  the  intermission  of 
a  generation,  prevailed  to  a  large  extent  in  the  second  set  of  seedlings. 
How  it  is  possible  for  a  character  to  gain  strength  by  the  intermission 
of  a  generation  will  be  considered  in  the  chapter  on  pangenesis." 

Now,  of  course,  we  can  perceive  that  the  zygomorphic  form  is  domi- 
nant and  the  peloric  recessive,  and  that  the  arguments  based  on  other 
hypotheses  have  no  longer  any  significance.  It  would  be  a  useful  task 
to  go  similarly  through  the  literature  of  breeding  and  translate  the 
results  into  Mendelian  terms.  Such  an  exercise  would  show  that  the 
change  which  must  now  come  over  the  conceptions  of  biology  can  only 
be  compared  with  that  which  in  the  study  of  physical  science  followed 
the  revelations  of  modem  chemistry. 

The  outcome  of  such  a  revision  of  current  conceptions  it  is  impossible 
to  foresee,  but  we  propose  in  the  present  paper  to  consider  some  of  the 
more  important  questions  which  are  immediately  raised. 

To  denote  the  new  conceptions  some  new  terms  are  needed.  Several 
have  already  been  suggested  by  Correns,  but  in  practice  we  have  not 
found  his  terminology  altogether  convenient,,  ot  \>MiX.  *\\.  \£l^^\»» 'Os^'^  \v^^ 

♦  '  AnimaU  and  Plant*,*  toV.  2,  p.  4fi,  ©d.  AS«5. 


■"  1 .♦  ^  ""' 

c-onvenieiitly  (leiioted  hy  one  w 
Correns'  turnis  *' homriogoiio 
1)0  used  with  precision  tu  niea 
breeding  "  true,"  and,  for  leasoi 
may  be  incorrect. 
■  The  terms  also  "  Iwlh-hhntiM- 

j  racters,  are  already  fairly  well 

I  imperfect  correlation,  which  a 

be  confusing  to  introduce  the  m 
'  ideiis. 

J^  Hut  while  doubting  whether 

be  found  adequate,  we  do  not 
terms  for  the  same  phenomena, 
tions  arising  from  the  Mendelia 
are  absolutely  reijuired,  and  fc 
minology. 

In  the  intro<luetion  (p.  G)  - 
the  essential  fact  discovered  l)y 
sul>ordinate  appearancCvS.  We 
that  reasoning,  showing  how  wc 
mena. 

By  crossing   two  forms  exh: 

breds  were  produced.     The  gen 

I  shown  to  be  of  two  kinds,  ea( 
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nature.  We  cannot  as  yet  determine  the  limits  of  its  applicability, 
and  it  is  possible  that  many  characters  may  re<ally  be  allelomorphic, 
which  we  now  suppose  to  be  "  transmissible  "  in  any  degree  or  intensity. 
On  the  other  hand,  it  is  equally  possible  that  characters  found  to  be 
allelomorphic  in  some  cases  may  prove  to  be  non-allelomorphic  in  others. 

It  will  be  of  great  interest  to  determine  how  far  the  purity  of  the 
germ-cells  in  respect  of  allelomorphic  characters  is  an  absolute  rule,  or 
whether  there  are  exceptional  cases  in  which  such  purity  may  be  im- 
paired. That  such  exceptions  may  arise  is  indeed  almost  certain  from 
the  evidence  of  "  mosaic  "  fruits  in  Datura^  where  it  was  shown  (p.  23) 
that  the  otherwise  pure  extracted  recessives  (thornless)  showed  excep- 
tionally a  thorny  patch  or  segment.  Unless  this  is  an  original  sport 
on  the  part  of  the  individual,  such  a  phenomenon  may  be  taken  as 
indicating  that  the  germ-cells  may  also  have  been  mosaic* 

Indeed  all  that  we  know  of  the  occurrence  and  distribution  of 
variation  among  repeated  parts,  would  lead  us  to  expect  such  a  possi- 
bility with  confidence. 

This  is  a  question  we  can  analyse  no  further.  Were  it  possible  to 
do  so,  it  might  be  a  real  help  towards  getting  a  picture  of  the  actual 
process  of  heredity. 

But  besides  the  strictly  allelomorphic  or  Mendelian  distribution  of 
characters  among  the  gametes  (with  or  without  mosaics),  we  can 
imagine  three  other  possible  arrangements.  (1)  There  may  be  a  sub- 
stantial discontinuity,  the  two  types  of  gamete  being  connected  by  a 
certain  proportion  of  intermediates,  such  as  are  often  met  with  in 
cases  even  of  almost  complete  discontinuity  among  zygotes.  (2)  There 
may  be  continuous  variation  among  the  gametes,  shading  from  gametes 
pure  to  the  one  type,  to  gametes  pure  to  the  other  type,  the  inter- 
mediates being  the  most  frequent.  (3)  There  may  be  no  differentia- 
tion among  the  gametes  in  respect  of  parental  characters  at  all,  each 
representing  the  heterozygote  characters  unresolved.  This  last  is  the 
homoogonous  tjqpe  of  Correns.  By  a  sufficiently  wide  survey,  illustra- 
tions of  each  of  these  systems  and  of  intermediates  between  them, 
will  doubtless  be  found,  and  the  classification  of  gametic  differentiation 
according  to  these  several  types,  in  respect  of  various  characters,  in 
various  species,  will  be  a  first  stop  towards  the  construction  of  a 
general  scheme  of  heredity. 

In  gametic  variation  we  thus  meet  in  fact  the  same  series  of  possi- 
bilities with  which  we  have  been  familiar  in  the  variation  of  zygotic 
organisms. 

The  second  fact  observed  by  Mendel  is  that  each  heterozygote  pro- 
<luces  on  an  average  equal  numbers  of  gametes  bearing  each  allelo- 

♦  Conceivably  the  cases  of  poultry  haying  one  foot  Vvt\v  eiXt^Xtt^^Ti.^  wjka'o.^'t'^w^'k 
may  be  of  a  aimilar  nature,  tliough  for  'various  reaaonft  \^\»  \»  aslxCSj^^i  • 
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such  a  case.  Readers  of  Mendel's  paper  will  be  aware  that  he  laid 
down  no  universal  rule  as  to  the  absolute  purity  of  gametes,  but 
merely  pointed  out  that  his  results  were  explicable  on  the  hypothesis 
of  such  purity. 

The  statistics,  however,  are  not  so  precise  as  to  compel  us  to  accept 
Mh  that  the  germs  of  the  cross-breds  are  alvxujs  pure,  and  that  they 
are  always  produced  on  an  average  in  equal  numbers. 

The  next  point  arising  immediately  out  of  Mendel's  work  concerns 
the  characters  of  the  heterozygote.  In  the  Pisitm  cases  the  heterozygote 
normally  exhibits  only  one  of  the  allelomorphs  clearly,  which  is  there- 
fore called  the  dominant.  It  is,  however,  clear  from  what  we  know  of 
cross-breeding,  that  such  exclusive  exhibition  of  one  allelomorph  in  its 
totality  is  by  no  means  a  universal  phenomenon.  Even  in  the  pea  it  is 
not  the  case  that  the  heterozygote  always  shows  the  dominant  allelo- 
morph as  clearly  and  in  the  same  intensity  as  the  pure  dominant,  and 
speaking  generally,  heterozygotes,  though  in  numerous  instances  readily 
referable  to  one  or  other  of  the  allelomorphic  types,  exhibit  those  types 
in  a  more  or  less  modified  form. 

Besides  these,  there  are  undoubtedly  cases  in  which  the  hetero- 
zygote may  show  either  of  the  allelomorphs,  though  one  is  commonly 
dominant.  In  the  poultry  crosses  it  was  shown  that  the  usually  reces- 
sive foot-character  (want  of  extra  toe)  may  appear  in  the  cross-bred. 
The  want  of  dominance  of  hoariness  in  Matthiola  seen  in  exceptional 
cases  is  a  wholly  different  phenomenon  (see  pp.  45  and  79). 

From  the  analogy  of  poultry,  it  is  scarcely  doubtful  that  polydac- 
tylism  in  man  is  also  allelomorphic  to  the  normal,  and  here  from  the 
tables  of  heredity  already  recorded,*  there  is  good  evidence  that  both 
the  normal  and  the  polydactyle  offspring  of  one  polydactyle  parent 
can  transmit  the  polydactylism ;  in  other  words,  the  heterozygote  may 
exhibit  either  allelomorph.  Cases  of  the  same  phenomenon  can  indeed 
be  multiplied.  It  must,  however,  be  remembered  that  what  is  accepted 
as  evidence  of  alternative  inheritance,  is  not  a  proof  that  the  domin- 
ance of  either  allelomorph  is  imperfect.  This  can  only  be  known  for 
certain  when  it  has  already  been  established  that  individuals  showing 
either  of  the  two  allelomorphs  can,  when  mated  with  an  individual 
showing  the  same  allelomorph,  produce  both  allelomorphs  among  their 
offspring.! 

This  leads  to  a  point  of  great  importance  to  the  evolutionist     Wo 

•  For  examples  see  Fackenheim,  *  Jen.  Zt  ,*  xxii,  p.  843. 

t  For  the  present,  therefore,  we  are  nob  entitled  to  assume  that  the  numerous 
coses  among  Lepidoptera  of  Tarieties  breeding  together  witli  a  discontinuous 
mixed  result  are  allelomorphic,  probable  as  this  conclusion  is.  Such  cases  are  tbovc 
of  Amphidasyt  hetularia  and  douhledayaria ;  Aglia  fau  and  lugen^^  Aift^«To%\<\ 
pmnaria  and  sordiaia  ;  Miana  striffilU  and  a<Mop«,  &.C.  ^^^V.VR.^weft^'''^'^'^^^' 
d.  pal  OrosB'Schmitterl,'  1896,  p.  305,  et  tcq. 
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1.  Heterozygous  Forms, — It  has  long  been  known  to  breodera  that 
certain  forms  cannot  be  fixed  by  selection  indefinitely  continued.  In 
other  words,  when  the  most  perfect  examples  of  such  forms  are  bred 
together,  though  they  produce  some  offspring  like  themselves,  they 
have  also  a  large  nimiber  which  do  not  resemble  them. 

A  case  of  this  kind  is  seen  in  breeding  crested  canaries.  The  kind 
of  crest  desired  for  exhibition  can,  according  to  canary-fanciers,  l)e 
produced  most  easily  by  mating  crested  birds  with  non-crested,  or 
plain-heads  as  they  are  called.  If  it  be  supposed  that  the  crested 
•character  is  usually  dominant,  we  have  a  simple  explanation.  When 
•crested  birds  are  bred  together  a  number  of  birds  are  produced  whose 
crests  arc  coarse  and  stand  up  and  others  without  'crests.  The  latter 
are  the  recessives;  the  former  we  may  suppose  to  be  the  pure 
<lominants.  What  the  fancier  wants  is  a  crest  composed  of  long 
feathers  lying  evenly  down  over  the  head.  These  may  be  the  hetero- 
zygotes,  and  consequently  cannot  breed  true  or  be  fixed  by  selection. 
Such  birds  bred  together,  give  many  plain-heads  and  birds  with  coarse 
crests.  Fanciers  hold  that  the  plain-heads  needed  for  crest-breeding 
should  be  themselves  crest-bred,  i,e,^  from  families  which  have  had 
-crests  among  them.  On  the  view  here  suggested  this  is  probably  a 
superstition,  though  one  can  easily  see  how  it  may  have  arisen. 

If  two  crested  birds  are  bred  together  it  is  advised  that  they  should 
have  imperfect  crests,  in  all  probability  another  form  of  the  hctero- 
zygote.* 

Another  case,  to  which  our  attention  was  called  by  Mr.  G.  Thorne, 
of  Broxbourne,  is  that  of  the  Golden  Duckwing  Game  Fowl.  This 
•colour  can  be  produced  by  crossing  Black-Reds  with  Silver  Duckwing ; 
but  on  attempting  to  breed  the  Golden  Duckwing  true,  the  colour 
l)reaks  up  again  into  its  components.! 

Probably  the  impossibility  of  fixing  certain  colours  in  Pigeons  also 
illustrates  the  same  phenomenon. 

Such  forms  have  hitherto  been  regarded  as  exhibiting  "  instability." 
Of  this  instability  there  is  now  a  satisfactory  account. 

A  more  complex  instance  of  this  may  be  the  Andalusian  fowl.  The 
colour  is  a  blue-grey  mixed  with  dull  black.  The  breed  will  not  con- 
tinue true  to  colour.  Though  a  considerable  proportion  of  Anda- 
lusians  arc  produced,  a  number  will  be  hatched  which  arc  too  dark  or 
too  light  in  various  ways  and  proportions.  Selecting  the  best  Anda- 
lusians  effects  nothing,  and  the  constancy  does  not  increase.  There 
is,  therefore,  a  strong  probability  that  the  Andalusian  is  a  heterozygote, 

*  An  account  of  these  facts  is  given  in  Blakiston,  Swaysland,  and  Wiener* t» 
'  Canaries  and  Cage  Birds,'  p.  128.  When  birds  with  good  crests  are  bred  together 
tTio  recessive  "plain-head"  is  often  produced,  a  fact  which  has  been  exag^er«A.<ik<l 
by  various  writers  into  the  statement  that  the  offapxVxi^  ol  ct^^\«^  "m^  aXwa-^* 
l)IaiD-head9,  or  evon  always  hald. 

f  See  also  Lewis  Wright,  '  Btwk  of  Poultry;  1^^,  ip\>.  1»!^  «^^^  ^^-       ^ 


.1 


wliether  jsueli  vigoiy  was  in 
rcLugnisjil)ly  (lissiniil;ir  allclun 

The  existence  of  forms  win 
the  contemphition  of  aiiotlie 
have  spoken  of,  Ijoth  sexes  o 
allelomorph.  If,  however,  o 
the  mule  and  the  other  by  tl 
sisting  only  of  heterozygotes. 

So  long  us  the  heterozygo 
case  would  come  true,  hut  a  pi 
Ini  ol)t^ine<l  by  crossing  thei 
woidd  then  l)e  found  that  re< 
result.  That  this  is  actuiilly  t 
which  the  most  familiar  anion 
(Mare  x  Jackass)  and  the  Hi: 
plants  the  hybrids  of  Diffiltdis 
cases  are  referred  to,  an<l  thou; 
exiKiriments  insulliciently  rept 
authentic.  C4iirtnerJ  acutely 
similarity  between  the  results 
found  among  dicecious  forms. 

2.  Sf'hrtioti  mid  thr  riinuniK 
the  want  of  fixity  in  certain 
at  once  be  exphiined  by  the 
onlv,  und  have  no  iram(»t(?s  cor 


Experimental  Sdulies  in  the  Physiology  of  Hireility.        133 

The  hypothesis  that  such  a  "  rogue  "  is  a  recessive  form  may  give  a 
complete  explanation  of  this  phenomenon  in  many  cases.  Selection 
from  imlividuals  of  known  fertilisation  would  at  once  test  the  truth 
of  this  view,  and  might  provide  a  means  of  producing  a  pure  strain 
once  and  for  all  from  the  pure  dominants. 

It  is  well  known  that  some  of  the  best  modern  beardless  wheats 
which  have  been  raised  of  late  years  by  crossing  distinct  varieties 
will  give  a  small  proportion  of  bearded  plants.  This  is,  of  course, 
called  "  reversion  "  to  a  bearded  ancestor  used  in  the  original  cross. 

From  the  experiments  of  Rimpau,*  we  find  that  when  bearded  and 
l>eiirdless  varieties  are  crossed,  beardlessness  is  dominant,  and  the 
]>earded  character  is  recessive.  By  subsequent  breeding  a  form  is 
produced  with  a  desirable  character,  and  after  a  few  years  of  selection 
it  is  found  to  give  this  character  with  sufl&cient  purity  and  it  is  put  on 
the  market.  It  may  be  a  bearded  or  a  beardless  form,  but  if  the 
latter,  the  chances  are  that  it  will  always  produce  a  certain  propor- 
tion of  bearded  plants,  t  This  may  happen  in  every  case  where  there 
has  been  a  prommnaus  selection  of  many  dominant  plants,  for  any 
one  of  these  may  be  a  heterozygote  and  bear  in  each  year  both 
dominant  and  recessive  germs. 

The  fact  that  the  hornless  breeds  of  goats  still  give  some  horned  off- 
spring is  probably  referable  to  the  same  cause.  The  point  is  of  courae 
not  certain,  but  from  the  analogy  of  cattle  (see  p.  140)  we  may 
anticipate  that  the  hornless  form  is  dominant.  In  the  polled  breeds 
of  cattle,  which  are  never  promisciwusly  selected,  the  polled  character 
has  naturally  been  easily  fixed  piu'e,  but  in  goats  selection  among  the 
enrs  has  l>een  probably  to  a  large  extent  promiscuous. 

The  phenomenon  is  without  doubt  occurring  very  widely  in  nature. 
To  it  we  may  perhaps  attribute  the  undiminished  persistence  of  some 
weakly  varieties,  which  are  unceasingly  exterminated  by  natural  or 
artificial  selection  without  ever  leaving  offspring.  Cases  have  only  to 
be  looked  for  to  be  found  in  abundance.  We  may  note  the  paradox 
that,  for  anything  we  know  to  the  contrary,  a  recessive  allelomorph 
may  even  persist  as  a  gamete  without  the  corm^poryiing  Iwmozygote  havin<i 
ever  rmehed  maturity  in  the  histm'y  of  the  specie^s,^  It  would  l>e  premature 
to  trace  out  the  deductions  to  which  this  suggestive  fact  points,  but  we 
see  at  once  that  it  may  give  the  true  account  of  the  phenomenon  that 

*  '  Landw.  J.  B./  20. 

t  Such  a  variety  is  G-arton's  Bed  King. 

X  [111  illustration  of  such  a  phenomenon  we  may  perhaps  yenture  to  refer  to  the 
extraordinarily  interesting  evidence  lately  collected  by  Garrod  regarding  the  rare 
condition  known  as  "Alkaptonuria.'*  In  such  persons  the  substance,  alkapton, 
forms  a  regular  constituent  of  the  urine,  giving  it  a  deep  brown  colour  which 
becomes  black  on  exposure.  The  condition  is  exceedingly  rare,  and^  tl^Avv.^  \snsX> 
with  in  several  members  of  the  same  fami\\e&.  Vim  otA^  o\ic«  >a««a  Vblowti  \ft  >i^ 
iVirectljr  transmittal  from  parent  to  off  spring.      HcccnWx,  Vo^«N^T,^«tnw^  V-w^ 
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I lui mystic jitt^l  forms  coMstaintly  ^cn  e  rise  to  varieties  not  luet  with  in 
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t  ith  a  ret  e,'4rtive,  and  afterwards  to  fertilise  tho«e  that  g^tivc  no  reees- 
iive  ott'l5prin|,^  with  a  dominant  similarly  proved  to  l>e  free  from 
recessive  inlliienee,  Xeverthele-ssi  it  is  certain  that  hy  this  prcfccea* 
[done  eati  a  strain  of  pure  iloniiiiaiits  lie  readily  made. 

t^n  ity  '^  then  acfjuii  e.s  a  new  and  more  proeise  nicaning.  \u 
Organism  resulting  from  an  original  cross  is  not  iieeesjsarily  pure  when 
it  hjis  )*eeEi  rais<'d  ]iy  rtdecthm  from  parents  similar  in  apjienrance  for 
Im  indefinite  nunihur  of  generations.     It  is  fmif/  pure  when  it  i^  mith 
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The  cases  taken  are  many -leaved  clovers,  a  polypdtalous  Bammculus, 
several  plants  with  variegated  foliage,  and  the  biennial  forms  of  certain 
species. 

Selection  in  each  case  at  first  rapidly  increases  the  proportions  in 
which  the  selected  form  appears  among  the  offspring,  but  soon  a 
maximum  effect  is  produced  which  is  not  surpassed. 

Now  in  each  of  these  examples  fertilisation  was  left  to  insects,  and 
though  seed  was  saved  from  individual  plants  it  is  not  in  dispute  that 
cross-fertilisation  between  them  occurred.  In  Mendelian  terms  some 
might  be  pure  D,  some  pure  B,  and  some  DR.  Supposing  dominance 
complete,  eradication  of  the  pure  R  forms  annually  does  not  extinguish 
them,  for  by  the  breeding  of  the  DR  forms  iwter  se  they  will  be  con- 
tinually reproduced. 

There  are  no  doubt  many  overlying  complications  in  each  of  these 
cases,  as,  for  instance,  the  probability  that  dominance  is  in  these 
instances  imperfect,  but  these  will  not  change  the  main  result. 

The  case  of  the  biennial  plants  is  especially  interesting,  as  here  we 
have  strong  indications  that  treatment  and  conditions  may  determine 
which  character  shall  appear.  For  example,  de  Yries  quotes  the 
evidence  of  the  Sugar  Beet,  a  plant  of  great  economic  importance,  to 
the  breeding  of  which  much  attention  has  been  devoted. 

The  plant  which  forms  the  large  sugar-bearing  axis  is  a  biennial  and 
does  not  flower  until  it  has  made  the  sugar-store.  But  from  the  best 
seed  which  has  for  generations  been  saved  from  such  plants  only,  there 
arises  a  small  percentage  of  an  annual  form  which  runs  to  seed  without 
making  a  thick  root  at  all.  After  years  of  selection  the  proportion  of 
such  rogues  is  not  diminished.  Now,  if  it  could  be  supposed  that  the 
annual  is  recessive  and  the  biennial  dominant,  this  is  partly  explained. 
On  selection,  seeds  are  taken  from  dominants  only.  But  some  of 
these  will  be  pure  dominants  and  others  will  be  heterozygotes  bearing 
hoih  allelomorphs.  The  latter  will  each  year  give  rise  to  a  certain 
number  of  pure  recessives,  compoimded  of  two  recessive  gametes. 
In  the  first  years  of  selection,  the  proportion  of  recessives  will  be 
diminished  rapidly  by  choosing  seed  from  dominants  only,  but  further 
jnomiscuous  selection  of  dominants,  unless  continued  for  an  indefinite 
time,  will  not  altogether  remove  the  recessives,  for  they  arise  from 
the  dominants  themselves.* 

*  It  is  of  course  only  a  conjecture  that  the  biennial  form  is  dominant  in  these 
cases,  but,  owing  to  the  gre<it  importance  of  the  subject,  it  seems  worth  while  to 
call  the  attention  of  those  interested  to  the  possibility.  Among  the  many  inyettiga- 
tions  already  made  on  the  Beet  it  does  not  appear  that  the  simple  experiment  hat 
been  tried  of  seeing  if  the  annual  or  biennial  form  can  be  bred  true  from  individ- 
ual plants  fertilised  under  proper  precautions.  Still  less  hat  the  possibility  of 
dominance  been  inyestigated.  The  only  eyidence  known  to  us  is  tha.t>t^'%vcQ:^n^^<» 
that  when  the  annual  Beta  vulgarxB  was  grown  t^«w  ^3ti^  cvi\\J«^\AdL  \ssrBv  S^  \s«t«k 
two  seeds  which  proved  biennial  and  ft!ty-e\gVit  ^\v\c\i  ^ct^  vccwmAa.     '^ybs^'^ 
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But  ill  these  forms  it  is  well  known  that  several  kliidi  of 
leutp  exposure  of  the  young  plants  to  fro^t,  over  crowding,  hem 
uinuring,  and  forcings  will  greatly  increase  the  proportion  of  ^^noineii.^ 
u  the  Citse  of  (JJmdhriv  <lc  yrios  has  nuitle  some  very  cotiviticitii 
xperiments,  clearly  proving  this  fact,  and  Rimpstu  h«a  done  thti  immi 
jr  the  Beet,  showing  that  the  numhcr  of  "  nmncra  "  can  thii;g  be  gr^Atljr 
icreased.  There  are  theti  some  which  are  bieamiil  in  any  ca^v 
^hicli  are  hiennial  oj^  annua!  according  to  treutnient,  ajid  ^ofue  w] 
re  in  any  case  annuaL  This  is  strongly  suggestive  of  the  tli 
lendelian  elasae!^, 

De  Ynea  has  also  experimejited  liy  selecttnn  h\nn  ihe  atititml  plfUitai 
etiiiig  of  course  a  higher  proportion  of  annnai*.  But  it  num%  W 
jmenihered  that  in  order  to  prove  that  the  antttuil  eharatter  19 
jeesaive,  and  that  it  can,  its  sneh,  be  fixed  hy  on*i  aeleetioii,  it  b 
ecessarv  to  ^iscertain  ^rst  that  the  [riant  choaen  h  not  vrli^i  dc 
Vies  chUs  a  *'  facultative"  annu.'U — ^^ii  thi*^  hypothesis,  a  Dli — mwJ 
jcondly  that  it  has  not  lieen  eroHs-fortiliaedt  pf^rtirnlars  not  yet  forili' 
^ming. 

But  even   if  the    liypoihef?is  of  dominance  coidd   he  siiieocaifulJy 
pplied  to  these  crises,  there  are  others  »t  first  sight  situiUt^r,  where 
i^nnot  he  thus  applied ;  for  example,  inifcaneeft  of  v^ri^ties  r^Gessii^ 
leir  diiferentiating  character,  producitig  untnjally  a  snnUl  but 
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in  the  causation  of  such  appearances,  and  those  who  are  familiar  witli 
statistics  of  inheritance,  in  man  for  example,  might  usefully  study 
them  with  the  possibility  in  view.  The  absence  of  the  character  in 
the  first  generation  may  indicate  merely  that  it  is  recessive,  and  its 
reappearance  in  the  next  generation  may  be  due  to  the  heterozygote 
having  bred  with  another  individual  also  bearing  the  recessive  allelo- 
morph. 

4.  "  New  "  chiractei's  may  he  dominant, — We  cannot  as  yet  perceive 
any  properties  common  to  dominant  as  compared  with  recessive 
characters.  It  will  be  noted,  however,  that  the  view  of  many 
naturalists  that  the  phylogenetically  older  character  is  prepotent,  or, 
more  correctly,  dominant,  is  by  no  means  of  universal  application.  In 
poultry,  for  instance,  l)oth  pea  and  rose  combs  are  dominant  against 
single,  though  the  latter  is  almost  certainly  ancestral ;  the  polydactyle 
foot  is  dominant  against  the  normal,  though  a  palpable  sport.  A 
point  of  some  interest  is  that  in  both  wheat  and  barley  the  beardless 
form  is  dominant,  though  we  naturally,  though  perhaps  incorrectly, 
regard  it  as  a  state  normal  in  the  one  species,  but  an  innovation  in 
the  other. 

In  cattle  the  polled  form  is  dominant  over  the  horned,  though  the 
former  is  a  character  which  in  our  cattle  has  certainly  arisen  since 
domestication. 

5.  Pre^teihcy, — The  conception  of  dominance  avoids  certain  diffi- 
eulties  which  are  involved  in  the  use  of  the  term  **  prepotent."  As  we 
now  know  that  the  allelomorphs  of  the  several  characters  may  be  quite 
independent,  it  is  confusing  to  speak  of  the  prepotency  of  an  indi- 
vidual when  all  that  we  know  is  that  one  or  more  of  its  characters 
is  dominant  over  the  contrary  character.  Of  the  dominance  or  pre- 
potency of  the  tchnie  we  know  nothing.  The  diversity  of  the  views 
which  have  ]>een  at  various  times  expressed  as  to  the  respective  powers 
of  mother  or  father  to  confer  special  qualities  has  probably  arisen  from 
eonfusions  thus  caused.  If  the  term  prepotency  is  to  be  preserved  it 
must  be  applied  to  characters  rather  than  to  organisms,  and  its  use 
must  be  restricted  to  cases  in  which  the  character  so  qualified  has 
been  actually  tested  ])y  combination  with  the  contrary  allelomorjjh  in 
one  heterozygote. 

We  have  })een  accustomed  to  consider  that  a  variety  may  be  some- 
times prepotent  in  respect  of  a  given  character  and  sometimes  not 
prepotent.  The  whole  evidence  on  which  this  view  is  based  will  in 
many  cases  now  require  careful  verification,  for,  as  was  fully  discussed 
in  the  case  of  poultry,  such  a  result  may  really  be  due  to  an  un- 
suspected heterozygote  having  been  sometimes  used  for  the  other 
parent.  The  evidence,  for  instance,  that  on  crossing  pea  comb  and  single 
comb  the  oflFspring  may  l)e  sometimes  pea  and  ^Qm&\hxGL«;&  «^w^^^<3><^^ 
formerJjh/ire  lyeen  thought  a  clear  prooi  t\ia.x,  "^^a.coTc^i^^aAw^'^^^^'^ 
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is,  iio  doubt,  possible  to  coneeiv 
two  gametes  respectively  hs  eng. 
supervening  circumstances  ma\ 
varying  frequency;  but  from  ^ 
heredity,  the  conception  of  disj 
INirents  is  just  as  easy  to  form,  i 
6.  Sex, — It  is  often  profitable 
with  those  of  sex,  and  if  the  s 
graph  be  found  true,  it  is  worth 
of  sex  may  not  sometimes  l>e  u  j 


[Note,  add 

There  is  already  a  considerab 
view  that  difference  of  sex  is  prir 
entiation.  The  evidence,  howe^ 
that  the  differentiation  is  someti: 
and  sometimes  of  the  female  eel 
attention  has  l)een  called  to  a  nc 
differentiation  of  the  spermatozo; 
Anthropods,  according  as  they  d 
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This  body  has  been  the  subjc 
es|)ecially  of  the  American  ovtt 
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On  the  other  hand,  we  have  more  frequent  cases  of  unfertilised  q^^ 
in  other  types  producing  females  only. 

But  from  the  observations  of  de  Buzareingues,*^  it  appeared  that  there 
is  a  more  or  less  definite  distribution  of  the  sexes  among  the  seeds  of 
dioecious  plants,  the  females  being  more  commonly  derived  from  seeds 
of  one  region,  and  the  males  from  those  of  another.  This  of  coiu*se 
is  no  proof  of  original  differentiation  of  sex  among  the  female  cells^ 
but  it  is  readily  consistent  with  that  hypothesis. 

On  the  other  hand,  as  on  the  whole  against  the  hypothesis  that  sex 
depends  chiefly  on  gametic  differentiation,  may  be  mentioned  observa- 
tions— especially  those  of  Wichura  (*  Bastardbefnichtung,'  p.  44) — that 
the  statistical  distribution  of  sex  among  first  crosses  shows  great 
departure  from  the  normal  proportions.  The  same  has  been  seen  by 
many  hybridisers  using  animal  types.  But  the  further  fact  that  there 
is  a  still  greater  variation  in  the  statistical  relations  of  the  sexes  in 
the  offspring  of  hybrids,  is  rather  favourable  to  the  hypothesis. 

The  frequent  occurrence  of  hermaphrodites  among  first  crosses  is 
also  difficult  to  explain  on  the  present  hypothesis.] 

7.  Reversions, — With  the  Mendelian  conception  of  the  heterozygote 
as  a  form  with  its  own  special  " hybrid  character"  we  have  a  rationale 
of  large  numbers  of  "reversions";  for  we  already  know  many  cases 
where  heterozygotes  do  present  the  characters  of  putative  ancestors* 
This  fact  reduces  to  harmony  several  groups  of  results  where  different 
experimenters,  believing  themselves  to  have  worked  with  similar 
organisms,  have  reached  seemingly  contradictory  conclusions.  For 
some  have  used  pure  forms  and  others  heterozygotes  appearing  ia 
their  guise. 

The  Nature  of  Allelomori»hism. 

A.  Simple  AUelomfftpha. 

The  following  list  enumerates  the  principal  cases  in  which  the- 
phenomenon  of  allelomorphism  has  either  Ijeen  actually  proveil  to 
exist  or  may  be  safely  inferred  from  the  published  records.!  In  each 
of  these  cases  more  or  less  definite  dominance  of  one  character  has  1>eeu 
found,  and  in  this  list  the  dominant  character  is  put  first : — 

1.  Hairiness  and  absence  of  hairs  (Lychnis). 

2.  Hoariness  and  absence  of  haii-s  (Matthiola). 

3.  Felted  ears  and  smooth  ears  (Wheat).  J 

•  'Ann.  Sci.  Nat.,'  toIs.  16.  24,  and  30;  1829,  &c. 

t  [From  the  OTidenoe  of  erosf  es  kindlj  carried  out  for  us  by  Mr.  Leonard  Sultou 
we  are  able  to  add  the  '*  palm "  leaf  (palmatifid)  and  reddish  stems  of  Fnmula 
siuensu  as  dominant  characters,  while  the  "  fern  "  leaf  (pinnatifid)  and  purely  ^^^x^ 
stems  are  recessiye  characters. — March,  1902.^ 

J  Rjmpaa,  'Landir.  J.  B.,*  20,  1891,  p.  aA6. 
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ovjMM'inR'iits  seen  at  M< 
iu\t\  t;ill  lial)it  and  dwarf 
as  "  Cn])ids  ")  in  Sweet 

\l\.  Kntire  petals  and  laciniat 

14.  Normal  zygomorphic  for 
probably  Linaria).** 

lo.  Xonnal  halnt  and  waltzii 
of  the  ani-al  labynnth)  ( 

J  0.  IVesence  and  absence  of 

17.  Pea  comb  an<l  single  com 

1 8.  liiose  comb  and  single  cor 
1 1).  Polled  and  lu)rne<l  l)ree<ls 


*  ])o  Vrifs. 

t  Bimpau,  loc.  rit.^  pp.  3'Jl  niid 
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§  Some  distinct  exceptions  to  tlie  r 
known.     [See  final  note.] 
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«:  Darwin,  '  An.  and  rit5.,*  cd.  2,  v 
♦•  In  the  case  of  Linaria,  Naudin  1 
a  normal  one  a  mixture  of  normal  an 
o(  the  peloric  ]mrent  tliere  is  no  infor 
a  lietorozTgute.     See  ^audin.  *  Xonv. 
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20.  White  shanks  and  yellow  shanks  (Fowl). 

21.  White  plumage  and  general  brown  coloration  (Fowl).* 

22.  Several  coloured  forms  of  flowers  and  their  white  varieties. 

23.  Several  colours  of  fruits  and  their  xanthic  varieties  (Atropa, 

Solaniun). 

24.  Several  colours  of  seed  coats. 

25.  Darker  and  lighter  colours  of  endosperm  (Maize). 

26.  Yellow  and  green  cotyledons  (Pisum). 

With  regard  to  seed-colours,  Correns  has  shown  that  the  question  i* 
a  complex  one,  depending  on  several  factors.  In  Maize,  especially,  the 
seed-skin  and  the  several  parts  of  the  endosperm  may  all  be  inde- 
pendently concerned  in  giving  the  net  result.  Each  must  be  considered 
separately,  and  in  several  cases  the  dominance  is  imperfect,  and  blend- 
ings  may  occur,  t 

Between  various  simple  allelomorphs  correlations  may  of  course 
occur.     A  few  of  these  we  know  already.     But  in  these  cases  of  simple 

cross  between  s  pure  Angus  and  a  pure  Shorthorn  is  almost  always  a  blue-grej  with- 
out horns.  Generally  the  horns  are  represented  bj  loose  corns  of  horny  material^ 
sometimes  imbedded  in  the  skin  and  not  rarely  hidden  by  the  hair.  Such 
*'  sours,"  as  they  are  called  in  the  north,  are  objected  to  in  the  pure  polled  breeda- 
and  are  mostly  absent. 

Kotes  of  the  cross-bred s  exhibited  at  the  Smithfield  Club  Cattle  Shows  in  1888, 
'89,  *98-'01  gire  the  following  results.  The  animals  are  classified  according  to  the 
descriptions  in  the  Catalogue.  No  doubt,  howeyer,  the  actual  purity  of  the 
parent  breed  or  breeds  was  in  many  cases  doubtful.  Taken  as  they  stand,  the 
numbers  exhibited  in  these  six  years  were  as  follows : — 

r  Polled  Angus      1 
From  <  Polled  Gkllowny  \  x  some  homed  breed,  usually    Shorthorn,  and  the 
L  Red  Polled  J 

reciprocal  cross — 104  polled,  13  homed. 
From  first  cross   animals   bred  as  above,  mated  with  a  pure  polled  parent — 

23  polled,  1  homed. 
From  first  cross  animals  mated  with  some  horned  parent — 18  horned,  24  polled. 

When  allowance  is  made  for  the  yery  rough  materials  out  of  which  these 
figures  come,  it  is  clear  that  the  facts  cannot  be  yery  far  from  the  Mendelian 
expectation.  It  is,  howeyer,  likely  that  the  allelomorphs  concerned  are  not 
merely  the  homed  character  in  its  entirety,  and  total  absence  of  horns.  For  in 
the  offspring  of  (polled  x  homed)  x  polled,  the  horns,  when  they  occur,  are  often 
looit  though  of  fair  size.  If  all  parts  were  completely  correlated  we  should 
expect  tiiher  absence  of  homs  (perhaps  mere  scurs)  or  ordinary  horns  like  those 
of  homed  breeds.  Probably,  therefore,  there  is  not  complete  correlation  between 
the  formation  of  homs  and  that  of  tho  bony  cores  which  carry  them,  and  these 
characters*  are  diyisible  in  transmission.  Unfortunately  the  croes-breds  are  prac- 
tically neyer  bred  together,  so  the  valuable  evidence  thus  attainable  is  wanting. 
It  should  be  mentioned  that  in  offspring  of  (polled  x  horned)  x  horned  the  coat- 
colour  character  also  breaks  up. 

•  [Wh.  Dorking  x  Ind.  Game  crosses  are  this  year  giving  exceptions  to  dft\i^v- 
nance  of  white.— 1902.] 

f  Full  details  given  in  Correns'  memoir,  *  Bl\)\\ot\i.  Bot.,^  \^\. 
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The  facts  point  to  a  higher  degree  of  complexity  than  we  can  yet 
realise,  but  we  see  that  the  first  crosses  are  all  alike,  though  differing 
from  the  coloiured  parent.  The  same  form,  or  something  very  like  it, 
was  often  observed  to  come  in  other  cases  where  a  blue  or  purple 
parent  was  used  in  crossing.  Now  on  self-fertilisation  the  first  cross 
gave  a  variety  of  forms.  It  therefore  produced  a  variety  of  gametes, 
not  two  kinds,  but  several.  Of  these  forms  some.  Mars,  Her  Majesty 
•(Giant  White  also  in  all  probability),  reproduced  themselves  exactly. 
Therefore  they  had  only  one  kind  of  gamete,  and  they  must  be 
supposed  to  have  been  formed  by  the  union  of  similar  gametes.  The 
purples,  on  the  contrary,  produced  most  of  the  whole  series  again, 
shovdng  that  they  were  producing  a  variety  of  gametes  like  the  first 
cross  parent  itself. 

Her  Majesty  flaked  with  white,  gave  some  Her  Majesty,  some 
White,  some  Her  Majesty  flaked  white.  Therefore  the  flaked  plants 
are  heterozygotes,  formed  by  the  union  of  a  Her  Majesty  gamete  with 
a  white  gamete. 

We  are  then  led  to  the  conclusion  that  the  allelomorph  transmitting 
the  coloration  of  Stanley  is  cmnjmind,  and  that  it  can  be  broken  up 
into  simpler  and  possibly  component  elements.  When  similar  ele- 
ments, thus  extracted,  combine  in  fertilisation,  they  do  not  split  up 
jigain  on  the  formation  of  gametes.  The  constituents  of  the  compound 
allelomorphs  may  perhaps  be  spoken  of  as  hypallehmorphs. 

The  fact  that  Stanley  did  not  occur  again  is  another  indication  that 
its  colour  character  had  ]>een  broken  up  into  more  tlian  two  elements. 

Another  fact  which  may  point  in  the  same  direction  is  that  the 
purple  formed  on  the  first  cross  is  different  from  that  which  recurs  in 
the  next  generation.  In  fact,  this  Giant  Purple  Invincible  results  from 
the  union  of  the  whole  compound  allelomorph  of  Stanley  with  that  of 
Giant  White.  We  may  suppose  that  it  does  not  come  again  for  the 
reason  that  the  compound  allelomorph  has  been  broken  up  among  the 
gametes  borne  by  the  first  cross,  and  that  the  union  of  no  two  of  these, 
or  of  any  of  them  with  white,  results  in  that  particular  heterozygote 
form,  Giant  Purple  Invincible.  Inasmuch,  however,  as  Giant  Purple 
Invincible,  not  yet  distinguishable  from  that  produced  in  this  cross,  is 
a  well-known  and  stable  form,  there  must  either  be  gametes  correspond- 
ing to  it*  (or  its  male  and  female  gametes  must  be  dissimilar  and 
combine  in  that  definite  heterozygote,  which  is  most  unlikely).  Till 
the  experiment  has  been  repeated  on  a  large  scale  we  must  not  lay 
much  stress  on  the  absence  of  Purple  Invincible  after  the  break  up  of 

*  Similarly  from  other  crosses  seen  at  Messrs.  Sutton's  it  is  clear  that  the  form 
called  "  Painted  Lady  "  maj  he  another  heterozygote  form,  though  the  same  is  one 
of  the  oldest  and  most  familiar  fixed  forms.    According  to  Mr.  S.  B.  Dicka^  ibsx^ 
is  good  reason  to  helievo  the  purple  and  the  Painted  loid^  lotixv%  \o  \)^  N\\&  ^^ssiN> 
rarieties.     '"Report  of  Sweet  Pea  Conference,*  1900. 
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To  the  whole  subject  of  t 
to  return  when  our  own  i'X]m 

The  pro))al>ility  i.s  that  in 
allelomorphs*,  there  is  a  het« 
several  conibi nations  of  diss 
such  forms  that  they  may 
uncestor.     It  is  to  this  class  < 
versions  on  crassing  *'  are  pro 

'2.  Poitif I  f/.~-Am)ther  exar 
allelomorph  is  probably  to  b 
first  cross  between  Indian  (t. 
white  Hecke<l  with  a  few  bh 
s(»nic times  irregularly  markei 
together  give  some  dark  bin 
being  sometimes  pure  white, 
times  pile  (brown  and  white). 
i>iown  Leghorns  the  result  is 
the  dark  birds  resulting  from 
not  simply  like  their  dark  gia 
typos  of  coloration  such  iis  1 
some  more  or  less  nearly  re|: 
The  inmibcrs  reared  are  far 
deduction,  but  that  the  types 
detiniteness  is  quite  clear.     \V 
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of  such  phenomena  from  experiments  undertaken  for  other  objects. 
Of  these  there  are  a  considerable  number  which  leave  little  doubt  that 
further  examination  would  disclose  such  a  result.  We  may  mention 
the  observations  of  von  Guaita  on  mice,  from  which  it  appeared  that 
the  first  cross  of  albino  mice  with  black-and-white  Japanese  waltzing 
mice,  gave  a  grey  house-mouse  resembling  in  size,  colour,  and  wildness 
the  wild  house-mouse.*  The  first  crosses  bred  together  gave  albinos, 
grey  mice,  black  and  white,  grey  and  white,  and  black  mice  (with 
the  waltzing  character  distributed  among  them  in  proportions  closely 
obeying  the  Mendelian  ratio) ;  of  these  the  albinos  produced,  with  one 
exception,  albinos  only  when  bred  together.  The  grey  marked  with 
white,  bred  together,  produced  no  more  blacks  or  black-and-whites ;  and 
the  blacks  and  the  black  and  whites  bred  together  gave  no  more  greys, 
though  both  descriptions  may  still  give  albinos.  Facts  like  these 
strongly  suggest  that,  with  suitable  mating,  the  classes  could  be  shown 
to  consist  of  the  original  albino,  and  a  number  of  forms,  some  of 
.  which  would  henceforth  be  pure,  while  others  would  be  found  to  be 
heterozygous. 

3.  Another  case,  possibly  of  the  same  nature,  is  that  of  the  Hima- 
layan rabbit,  of  which  an  account  is  given  by  Darwin,  f 

The  literature  of  pigeon-fancying  abounds  with  information  pointing 
to  a  similar  rationale  of  the  colour  phenomena  there  seen.  Formerly 
the  recipes  given  in  such  treatises  as  to  the  methods  of  mating  to  be 
followed  for  the  production  of  particular  colours  would  have  seemed 
mere  nostrums,  but  now  we  can  see  at  least  the  general  basis  of  fact 
whence  they  have  been  derived. 

The  experiments  with  stocks  described  (p.  81)  give  cases  probably 
also  analogous.  Several  forms  crossed  together  all  gave  purple  for 
the  first  cross,  which  on  being  self-fertilised  gave  other  colours  in 
addition  to  those  of  the  pure  parental  forms  and  that  of  the  first  cross. 

This  conception  of  compound  allelomorphs  is  almost  the  same  as  that 
which  Mendel  himself  introduces  in  speaking  of  his  Phaseolus  crosses.}: 
His  analysis  does  not,  however,  seem  to  be  strictly  correct,  and  the 
subsequent  reasoning  is  consequently  obscure  and  not  altogether 
valid.  He  says  if  the  colour  of  the  red  Phaseolus  be  made  up  of 
Ai  +  A2  +  .  .  .  ,  then  on  crossing  with  a  white  form  a,  hybrid  unions 
are  produced,  Aia  +  A^  +  &c. 

But  it  is  the  group  A1A2  .  .  .  which  is  allelomorphic  to  a,  and  the 
heterozygote  is  A1A2  ...  a,  and  not  Aia  +  A2a  +  &c.      It  cannot  be 

•  Haacke,  croasing  albinos  with  grey-and-white  Japanese  waltzing  mice,  usually 
obtuined  the  same  result,  yis.,  grey  mice,  but  more  rarely  blttck  mice.  The  latter 
result  must  be  taken  as  indicating  impurity  in  one  or  other  parent.  Yosseler, 
quoted  by  yon  Guaita,  obtained  greys  only.  See  Haaoke,  '  Biol.  Cblt./  yol.  15, 1895 , 
p.  45. 

t  *An.  and  Pits./  I,  p.  113. 

}  Loc.  cit.,  p,  35. 
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int<ir-bre(l,  some  are  compo 
simiLir  or  flissimilar  colonr-1: 
Pea,  Her  Majesty,  flaked  wit 
a  white-bearing  gamete. 

We  have  good  reason  to 
not  in  every  ease  resolved 
gametes  of  the  first  cross  a 
such  imperfect  resohition  to 
Sweet  Pea,  among  the  res( 
there  occur  complex  heteroz} 
produce  a  series  of  forms  in  t 
represented  as  A0A3  ...  a. 
zygotes  that  we  conceive  the 

It  is  doubtful  whether  and 
the  whole  compound  characti 
for  this  conception  is  to  be  fo 
the  light  chicks  bore  to  the  w, 
of  3  :  1.  On  the  Mendelian 
that  the  cross-breds  produce 
equal  in  number  to  the  whole 
may  bear  the  colour-allclomor 

By  statistical  investigatioi 
determine  with  some  success  1 
to  the  elementary  characters. 

It  is,  perhans.  harHlv  tno  n 
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The  importance  of  this  reasoning  lies  in  the  fact  that  we  can  now 
recognise  that  these  different  new  forms  may  be,  in  their  genetic  com- 
position, diverse.  We  are  no  longer  to  expect  that  it  is  a  matter  of 
chance  whether  each  will  be  able  to  transmit  any  of  the  other  forms, 
but  we  perceive  that  this  is  a  question  to  be  determined  by  actual 
observation  once  for  all.  When  such  determinations  shall  have  been 
made  on  a  statistical  basis  we  shall  be  able  to  state  precisely  the 
numerical  proportions  which  the  gametes  of  the  several  classes  bear  to 
each  other,  and  hence  to  determine  the  actual  nimiber  of  constituents 
of  the  compound  allelomorph  and  their  relationships  to  each  other. 
This  investigation  is  now  merely  a  matter  for  precise  quantitative 
analysis. 

Remembering  that  we  have  no  warrant  for  regarding  any  herediury 
•character  as  depending  on  a  material  substance  for  its  transmission, 
we  may,  with  this  proviso,  compare  a  compound  character  with  a 
<louble  salt,  such  as  an  alimi,  from  which  one  or  other  of  the  metals  of 
the  base  can  be  dissociated  by  suitable  means,  while  the  compound 
acid-radicle  may  be  separated  in  its  entirety,  or  again  be  decomposed 
into  its  several  constituents.  Though  a  crude  metaphor,  such  an 
illustration  may  serve  to  explain  the  great  simplification  of  the 
physiology  of  heredity  to  which  the  facts  now  point. 

A  marked  feature  in  connection  with  compound  allelomorphism*  is 
the  frequency  with  which  in  such  cases  one  or  more  of  the  heterozygotes 
present  what  we  have  reason  to  regard  as  ancestral  characters.  To 
such  "  reversion  "  we  referred  in  speaking  of  Sweet  Pea  crosses.  The 
Sweet  Peas  produced  a  flower  with  purple  standard  and  blue  wings 
4ipproaching  what  we  may  regard  as  a  primitive  Sweet  Pea.  Several 
white  varieties  of  Stock  produce  a  purple  form ;  many  of  the  crosses 
with  the  "half-hoary"  type  gave  fully  hoary  heterozygotes.  The 
Albino  and  Japanese  mice  produce  a  grey  house-mouse  as  their  hetero- 
2ygote.  Why  such  heterozygotes  should  show  ancestral  characters  we 
do  not  know ;  but  we  can  now  recognise  that  such  "  reversions "  are 
heterozygous  mixtures  and  not  constant  forms.  To  speak  of  such 
reappearances  of  ancestral  characters  as  a  reappearance  of  the  ancestral 
fm^m  is  entirely  misleading.  These  heterozygotes  will  not  breed  true, 
and  are  ancestral  in  no  real  sense.  Not  only  are  they  heterozygous 
and  in  constitution  compound,  but,  as  in  the  Sweet  Pea,  several  different 
compounds  agree  in  having  the  same  ancestral  form  as  their  specific 
heterozygote. 

It  is  imfortunate  that  Darvdn's  own  experiments  with  poultry  and 
pigeons  were  so  complex  that  it  is  now  impossible  to  disentangle 
the  results  or  to  use  them  for  the  purposes  of  these  deductions.     He 

*  There  is  no  reason  for  supposing  such  reversion  to  be  absent  m  «M  ^m^k^  ^^ 
heterozygotes  formed  by  the  union  of  nmple  aliQVoixiOY^\i%)\>\>X.  VJtift  \«rw  ^«wx  ^»aKfc 
known  aeem  to  be  all  cases  including  compound  a\\e\omQfr^\iA« 
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records  the  most  complicated  unions  of  hirdn  of  difterent  breed^^  i 
homo-,  some  het«ro-zygotesj  some  exhibiting  simpk  arifl  othetl  sotii* 
pound  allulomorpha,  and  in  the  attttement  of  results  the  alMniporUnf 
diatinctions  between  the  gene  ration  i^  ajid  the  offspnug  of  th«  ^wv^ml 
individual  birds  are  often  not  observed. 

To  sum  up  the  phenomena  of  compoutid  allelomorphism,  \rc  may  tay 
thiit  the  evidence  shows  thrit  the  characters  of  a  pure  foi^tn  vrliaii 
croaned  vnth  another  may  Ikj  broken  up  into  compoiieat  chanM*t«rs  iir 
hypallelomorphs,  and  that  the  decompc»fition  may  take  plaice  iti  various 
degreea  of  completeness. 

To  the  variations  which  thua  arise  by  resolution  of  compound 
characters  we  propose  to  give  the  name  AmdifHtal  rumiiiom,  IChvrt 
can  be  no  doubt  that  a  very  large  proportion  of  the  dtBeontiimou^ 
variations  in  colour^  at  all  events,  met  with  both  in  wild  and  i]oiiU3dt]^ 
cated  species  are  of  this  nature.  The  fact  that  aimibir  eomponeiil 
forma  are  similarly  related  to  each  other  and  to  the  ty|Ki,  in  various 
spCrCies,  thus  provides  the  true  account  of  mnnerons  phenomena  of 
"  parallel "  variation. 


The  facts  thus  grouped,  suggest  the  following  questions.     Has  a 
given  organism  a  fixetl  number  of  unit-charaoters !    Can  w^  rightly      i 
conceive  of  the  whole  organism  tis  composed  of  such  imi^^iu-iictifns    j 
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ever  dissimilar,  can  be  split  up,  the  gametes  can  be  fonned,  and  the 
inability  to  form  gametes  may  mean  that  the  process  of  resolution 
cannot  be  carried  out.  In  harmony  with  this  suggestion  is  the  well- 
known  experience  of  hybridisers,  that  if  there  is  any  degree  of  fertility 
in  the  first  cross,  with  subsequent  inter-bred  generations  the  fertility 
may  increase.* 

Such  increase  in  fertility  is  generally  associated  with  some  greater  ap- 
proximation to  one  of  the  parental  forms.  In  terms  of  our  hypothesis, 
we  may  conceive  this  fact  as  denoting  that  offspring  formed  of  gametes 
which  have  successfully  resolved  the  characters  of  the  heterozygote,  and 
are  not  bearers  of  the  irresoluble  characters,  can  form  their  own  gametes 
with  less  difficulty. 

That  the  sterility  of  hybrids  is  generally  connected  in  some  way 
with  inability  to  form  germ-cells  correctly,  especially  those  of  the  male, 
is  fairly  clear,  and  there  is  in  some  cases  actual  evidence  that  this 
deformity  of  the  pollen  grains  of  hybrids  is  due  to  irregularity  or 
imperfection  in  the  processes  of  division  from  which  they  result.  It  is 
a  common  observation  that  the  grains  of  hybrid  pollen  are  too  largo 
or  too  small,  or  imperfectly  divided  from  each  other,  t  Such  condi 
tions  are  what  we  should  expect  on  the  hypothesis  here  suggested.  { 

However  this  may  be,  it  would  be  of  the  utmost  importance  to  dis- 
cover at  which  of  the  divisions  leading  to  the  production  of  the 
gametes,  the  allelomorphic  characters  are  divided.  Correns  has  pointed 
out  that  the  evidence  of  maize  proves  that  in  that  case  the  two  nuclei 
of  the  pollen  tube  must  both  be  transmitters  of  the  same  character, 
for,  in  the  fruit  of  the  first  cross  between  starch  and  sugar  varieties, 
those  seeds  which  have  sugar  endosperms  produce  pure  recessive 
(sugar)  offspring.     This  fact  proves  therefore  that  the  nucleus  which 

*  Fockc,  *  Pflansen  Mif  chlinge/  p.  488 ;  G&rtner,  '  Bastarderzeugung/  pp.  333 
and  373. 

t  See  e.ff.f  Naudin,  *Nout.  Arch,  du  Mu8.,*  1865,  I,  p.  95,  and  Wichura, 
'  Bastardbefruohtung  im  Pflanzenreich,'  1865,  p.  37.    Gases  are  easy  to  find. 

X  Bemarkable  observations  bearing  directly  on  this  question  haye  recently  been 
published  by  Guyer  (*  Science,*  toI.  11, 1900,  p.  248),  as  to  the  spermatogenesis  in 
hybrid  Pigeons.  The  species  used  are  not  named,  and  the  account  is  yery  brief. 
He  states  that  in  both  sterile  and  fertile  hybrids  much  yariation  in  cell- 
diyision  was  seen,  inequalities  in  chromatin  distribution  were  common  and  multi- 
polar spindles  were  abundant.  In  hybrid  spermatogonia  there  were  often  more 
than  eight  (the  normal  number)  large  ring  chromosomes.  Sometimes  there  were 
sixteen  small  rings.  In  this  case  they  usually  located  in  two  spindles,  eight  to 
each.  Frequently  both  large  and  small  rings,  were  present.  Guyer  suggests, 
though  apparently  in  ignorance  of  Mendel's  work,  that  this  phenomenon  may 
indicate  a  "tendency  in  the  chromatin  of  each  parent  species  to  retain  its 
indiyiduality."  If  so,  he  points  out  that  in  cells  with  two  spindles  and  eight 
chromosomes,  after  diyision,  some  of  the  new  cells  will  haye  chromatin  from  one 
parent  and  tome  from  the  other,  and  the  obseryed  "  r*^ftt%\OTi."  ^V  V>aA  KaJ^tj^-risv^ 
of  hybrids  to  parent  species  '*  may  be  due  to  tY\e  ^T%\sV«ti<i^  ol  ^\ft  <?tw^'«c8^'««^  ^^. 
onJjr  one  species  in  one  or  both  of  the  germ-ceWa'' 


i 

i^i. 

■ 

ixi 

i 

■m^t^- 

.> 

' 

'C 

«« 

1 

'..' 

^ 

rj. 

» 

w' 

r  wi 


of  tJie  same  heteroz" 
Till  then,  the  microsi 
of  the  chaificters  mii, 
to  the  cumbrous  and 
tical  study  of  the  zyu 
gametes.  ' 

Variation,  espeeialli 

measiu-o  thrown  l.»ck 

that  the  production  of 

I»red,  to  take  a  roui 

rocun-inginaichhetor 

formation  of  the  dissin 

we  cannot  yet  toll;  I,„ 

"7  sufficient  searching 

strains,  will  proJwbly  j' 

As  already  pointed  out 

mo&uc  nature  must  aire 

'W  the  statistical  distril 

which  the  nature  of  the 

in  extracted  recossives-J 

ation  will  ],e  seen— will 

fact  such  imperfect  differ 

Mendel's  discovery,  it- 

•  Com.n»  inclines  to  tl,o 
Dctwei'ii  form,  ^f  V..-,  ,. 


Expei^mental  Stiidies  in  tlie  Physiology  of  Heredity.       151 

of  transmission  of  a  character  already  existing.  It  makes  no  sugges- 
tion as  to  the  manner  in  which  such  a  character  came  into  existence. 
The  facts,  however,  leave  no  room  for  doubt  that  at  least  one  character 
of  each  pair  of  simple  allelomorphs  has  arisen  discontinuously.  The 
*  fact  that  the  gametes  of  [the  cross  transmit  each  member  of  the  pair 
pure,  is  as  strong  an  indication  as  can  be  desired  of  the  discontinuity 
between  them.  From  imperfection  of  the  records,  however,  we  cannot 
point  to  many  cases  where  we  know  both  that  the  origin  was  sudden, 
and  that  the  characters  obey  Mendel's  law,  though  no  one  practically 
acquainted  with  these  subjects  will  feel  any  doubt  that  if  those  records 
were  complete,  there  would  be  abundant  evidence  to  this  effect.  A 
positive  example,  however,  is  that  of  Chelidonrum  [majus  hdniatum,  of 
which  the  modern  origin  is  recorded,*  and  the  allelomorphic  nature 
was  proved  by  de  Yries.f  It  is  scarcely  doubtful  that  such  varieties 
repeatedly  arise.     The  Cupid  Sweet  Pea  is  another  (p.  140). 

With  regard  to  the  compound  allelomorphs,  it  must  be  determined 
by  further  investigation  whether  they  similarly  can  come  into  exist- 
ence in  their  entirety,  or  whether  they  are  capable  of  synthesis.  At 
present,  though  we  can  perceive  the  fact  that  they  are  capable  of 
decomposition,  we  know  nothing  of  the  reverse  process. 

In  the  cases  (p.  142)  we  have  discussed,  it  is  plainly  the  simple 
allelomorph  that  has  discontinuously  arisen. 

While  we  can  hardly  doubt  that,  of  each  pair  of  simple  allelomorphs, 
one  must  have  come  suddenly  into  existence,  we  cannot  tell  whether 
this  fact,  means  that  something  is  added  to  the  original  organism,  or 
whether,  from  the  first,  the  appearance  of  the  new  character  is  to  be 
regarded  as  a  replacenwni  of  the  corresponding  character.  For  example, 
we  do  not  know  whether  the  greenness  of  the  peas  is  due  to  an  addition 
of  something  to  the  whole  sum  of  the  yellow  pea,  or  to  a  substitution  of 
something  for  the  yellow  character.  We  may  partly  understand  the 
physiological  nature  of  the  yellowness  and  the  greenness,  or  to  take  a 
clearer  case,  of  the  relation  of  the  starch  endosperm  to  the  sugar 
endosperm,  but  this  is  as  yet  no  help  in  elucidating  the  question.  If 
it  shall  appear  that  the  process  is  one  of  addition,  the  conception  of 
the  characters  splitting  may  prove  an  incorrect  one,  and  some  other 
metaphor  must  be  substituted. 

Of  special  importance  in  this  regard  will  be  the  study  of  cases  where 
three  or  more  characters  are  capable  of  mutual  replacement.  All 
cases  studied  so  far  are  examples  in  which  the  allelomorphs  are  in  pairs^ 
but  we  know  instances  where  three  or  more  alternative  forms  of  the 
organism  occur,  and  an  investigation  of  such  cases  may  throw  light  on 
this  part  of  the  problem. 

•  For  literature  see  Korschinsky,  Hoterogenesis,  trans.,  *  Flora/  Erg&nzun^ake£t^ 
vol.  89, 1901,  p.  248. 
f  '  Ber.  deut.  Bot.  Ges.,'  1900,  p.  87. 
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lietero-zygous  combinations  might,  on  seriation,  give  so  near  an 
approach  to  a  continuous  curve,  that  the  purity  of  the  elements 
would  be  imsuspected,  and  their  detection  practically  impossible. 
Especially  would  this  be  the  case  in  a  character  like  stature,  which  is 
undoubtedly  very  sensitive  to  environmental  accidents. 

It  is,  of  course,  quite  possible  that  the  gametes  in  such  cases  do  in 
fact  vary  as  continuously  as  we  see  the  zygotes  do,  but  this  cannot 
yet  be  affirmed.  The  great  theoretical  significance  of  this  question 
should  therefore  lead  us  to  suspend  judgment  for  the  present. 

2.  First  Crosses  Breeding  True, — With  respect  to  this  phenomenon  no 
•experiments  on  a  large  scale  have  yet  been  made.  Most  examples 
Are  recorded  in  the  form  that  A  and  B  were  crossed  together  and 
produced  a  third  form,  C.  The  C's  were  then  bred  together  and  some 
•C's  were  again  produced.  We  hardly  ever  are  told  that  in  this  genera- 
tion oidg  C^s  were  produced.  Generally,  however,  we  do  not  even  know 
so  much.  The  cases  for  example  given  by  Darwin,*  are  for  the  most 
part  general  statements  that  certain  new  and  now  definite  forms,  the 
Swede  turnip,  for  instance,  were  produced  by  crossing.  Any  such  case 
may,  therefore,  be  merely  one  of  the  resolution  of  compound  allelo- 
morphs followed  by  selection  of  the  forms  produced  by  the  union  of 
similar  component  allelomorphs.  This,  indeed,  is  probably  the  true 
account  of  most  permanent  forms  produced  by  crossing.! 

There  remain,  however,  a  few  cases  of  which  MendeFsJ  own  crosses 
Among  Hieracia  are  a  good  example,  in  which  a  distinct  form,  produced 
by  the  first  cross,  has  proved  able  to  transmit  its  characters  to  its 
offspring.  Of  such  cases  we  know  very  little.  We  may,  perhaps,  notice 
two  features  as  apparently  characteristic  of  these  cases.  First,  that 
the  results  of  the  first  cross  may  show  no  uniformily ;  secondly,  that 
^there  is  often  a  considerable  degree  of  sterility. 

•  *  An.  and  Pits.,*  ed.  2,  toI.  2,  pp.  73-77. 

t  We  cannot  ayoid  expressing  a  doubt  whether  the  wonderful  series  of  "  niuta- 
4iions"  which  de  Yries  has  lately  recorded  ('Die  Mutationstheorie/  1901)  a:) 
arising  from  (Enothera  Lamarckiana  do  not  fall  under  suspicion  that  thej  may 
•owe  their  origin  to  some  unsuspected  original  cross.  Nothing  can  take  away  the 
extraordinary  interest  which  attaches  to  these  experiments,  but  until  it  has  been 
shown  in  the  clearest  way  that  the  Lamarckiana  which  gaye  rise  to  the 
'**  mutants  **  is  a  genuine  uncrossed  form  we  must  feel  hesitation  in  accepting 
the  conclusion  which  de  Yries  has  drawn  from  the  facts. 

This  possibility  is  strengthened  by  the  fact  which  Professor  de  Yries  has  told  us, 
that  the  pollen  of  his  Lamarckiana  contains  deformed  grains,  a  point  which  is  also 
jnentioned  by  Pohl  {*  Oestorr.  Bot.  Ztschr.,  1805,  toI.  45,  p.  212)  in  a  paper  to 
-which  de  Yries  refers  {loc.  cit.,  p.  163). 

On  the  other  hand,  we  can  scarcely  suppose  crossing  to  be  the  only  cause 
determining  the  production  of  heterogeneous  gametes,  or  in  other  words,  rariation 
in  sexual  descent. 

I  Mendel,  *  Abh.  Ycr.  Brunn.,'  voL  8,  1869.    »e©  iw\%o  ^^Siv^?^  ^^^^^3^^^^ 
"  Year-book  Dept.  Agric,,'  J 897,  p.  893. 
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[Note,  added  March,  1902. 

Several  times  in  the  course  of  these  pages,  reference  has  been  made 
to  the  phenomenon  known  as  the  "false  hybridism"  of  Millardet. 
We  are  not  aware  that  attempt  has  yet  been  made  to  elucidate  that 
phenomenon.  In  view  of  the  Mendelian  discovery,  we  think  it  may 
not  be  althogether  premature  to  suggest  a  possibility,  which  may 
perhaps  be  some  guide  to  further  experiment  with  this  phenomenon. 

In  the  false  hybrid  then,  one  or  more  characters  are  contributed  to 
the  zygote  by  one  parent  alone,  to  the  exclusion  of  the  corresponding 
character  of  the  other  parent.  This  exclusive  character  is  exhibited  on 
the  development  of  the  zygote;  and  that  the  opposite  character  is 
really  excluded  appears  from  the  fact  that  the  offspring  of  the  "  false 
hybrid  "  do  not  reproduce  the  excluded  character. 

The  terms  "  false  hybridism  "  and  "  false  hybrid,"  though  they  have 
done  good  service,  are  clearly  inconvenient  for  the  fuller  discussion 
that  must  arise  respecting  these  facts,  and  we  propose  to  denote  the 
phenomenon  by  use  of  the  term  monolepsis,  the  ordinary  result  of 
fertilisation  being  distinguished  as  amphilepsis. 

It  is  not  yet  certain  whether  monolepsis  is  a  phenomenon  peculiar  to 
recessive  characters ;  but  Vhile  we  are  fairly  sure  that  some  of  the 
cases  in  which  it  is  seen  are  instances  of  recessive  characters,  we 
know  no  certain  example  of  the  monoleptic  transmission  of  a  dominant 
character.  By  the  nature  of  the  case,  positive  evidence  of  such  trans- 
mission must  be  peculiarly  difficult  to  obtain ;  for  the  first  cross-bred 
generation  would  have  to  be  individually  tested  on  a  considerable 
scale  by  subsequent  breeding  before  such  a  possibility  could  be 
established. 

Let  us  first  consider  certain  features  of  the  process  of  fertilisation  as 
it  may  be  supposed  to  occur  between  gametes  bearing  similar  allelo- 
morphs— ^for  example,  an  R  character.  Each  gamete  bears  R,  the 
zygote  exhibits  it,  and  the  gametes  produced  by  that  zygote  bear  it 
again. 

But  we  note  that  we  do  not  know  whether  the  character  exhibited 
by  such  zygote  is  really  the  product  of  the  allelomorph  of  both  gametes, 
or  is  due  to  the  exclusive  development  of  that  of  one  gamete  only. 
Commonly  we  conceive  of  all  characters  of  a  zygote  as  the  product  of 
both  gametes,  and  in  cases  of  true  blended  inheritance  we  must  so 
conceive  them.  Such  a  view  also  accords  well  with  all  that  we  know 
of  the  visible  processes  of  fertilisation.  Nevertheless,  the  fact  is  not 
certain  in  the  case  of  the  union  of  similar  gametes,  and  the  case  may 
— to  take  a  rough  and  partially  incorrect  illustration — be  comparable 
to  the  known  fact  that  the  faculty  of  speech  is,  in  the  normal  case, 
controlled  by  the  centre  in  the  left  hemisphere  oxvV^^XXi'^  ^w^t«s^^^$ficw^ 
Btructures  presumed  to  exist  in  the  right  \i«ima^\kst^  ^^^^  ^^n^cj^vcv^q 
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4it  least  not  lieeoniing  functional  We  do  not  tnm\  in  fact»  whether  the 
ehanieter  in  the  zygote  depends  on,  or  ii  in  any  wny  tifTt^cUul  Ityt  ihi? 
fact  that  both  game  tea  wcro  bearers  of  that  chanioter. 

But  if  we  suppose  that  the  zygote  character  is  thus  a  product  of  tic 
two  similar  allelomorphs  in  the  normal  ease,  we  may  on  that  hypo* 
theaifl  form  a  conception  of  what  may  be  imsigined  to  takfi  plmce  in  tht 
ciiao  of  monolepais.  For  returning  to  the  heterozygoto  we  perodTe 
that  on  the  foimation  of  its  gametes  there  is  a  resolution  or  nepamtioti 
of  the  two  dissimilar  allelomorphs  which  crime  into  it  at  fertiH^oitioii. 
May  we  not  then  suppose  that  in  the  case  of  the  homoxygot©  a  ainulai 
separation  takes  place  ?  The  gametes  of  the  heteroiygoto  DR  are 
bearers  of  D  and  R  respectively  separated  out  of  DR ;  may  not  the 
gametes  of  the  homozygote,  which  are  l^earers  of  R  and  li,  reeei^t! 
those  allelomorphs  by  a  similar  separation  occurring  between  R  and  K  ' 

If  this  reasoning  prove  valid,  we  suggest  the  possibility  that  in  th»^ 
■case  of  false  hybridisation  the  alleloinoi'ph  is  passed  on  from  the  zj^gott^ 
to  the  gamete  without  such  resolution,  and  that  thus  it  is  not  in  a  sMte 
which  admits  of  its  being  affected  by  the  contrary  allelomorph  of  the 
■other  gamete.  The  case  may  perhaps  bo  compared  with  the  koow« 
fact  that  on  separaiiog  the  t^^o  segmentation  spheres  of  an  egg,  eaeh 
half  may  develop  into  a  symmetrical  larva. 

Unnrovetl  as  such  a  snirffestion  mufttn^eewiftnlv  be.  iti«  In  aji^^otvl  with 
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one  should  begin  with  a  strain  of  Canaries  which,  on  mating  with  the 
Goldfinch,  throw  some  pied  birds.  On  the  hypothesis  here  suggested^ 
the  pied  character  is  supposed  to  be  due  to  the  partially  unresolved 
character  of  the  recessive  allelomorph.  On  in-breeding  we  may  conceive 
the  process  of  non-resolution  on  formation  of  gametes  to  be  carried 
further.  We  have  seen  that  cross-breeding  leads  to  the  fuller  resolu- 
tion of  characters — ^in-breeding  may  lead  to  the  contrary  result. 

With  the  Canary,  as  the  mule  is  almost  (if  not  quite)  universally 
sterile,  further  experiment  is  impossible,  but  other  cases  are  available 
for  the  experimental  testing  of  this  hypothesis. 

If  it  is  correct,  it  should  appear  that  when  on  crossing  a  D  and  K  a 
pied  form  is  produced,  showing  patches  of  the  R  character,  then  such 
H  pied  form  on  crossing  with  the  dominant  again  is  more  likely  to 
give  pied  recessive  or  recessive  offspring  than  a  pure  normal  recessive 
would  be,  for  we  are  on  the  hj^thesis  entitled  to  believe  the  gametes 
of  the  pied  mule  to  partake  of  the  same  character  as  the  zygote  itself. 

On  the  older  view  of  breeding  such  a  fact  would  be  paradoxical ;  for 
the  pied  form,  inasmuch  as  it  already  is  part  way  to  the  D  form,, 
would  be  supposed  less  likely  to  show  any  R  in  its  hybrid  than  the 
pure  R  form. 

The  fact  that  Tschermak  in  his  crosses  between  the  pea  Telephone  and 
yellow  varieties  obtained  a  considerable  number  of  seeds  greenish  or 
patched  with  green,  is  consistent  with  this  view ;  for  this  pea,  though 
commonly  a  green  or  greenish  pea,  is  liable  to  great  variation,  and  i» 
frequently  mosaic  or  pied  yellow  and  green.* 

The  remarkable  series  of  Orchid  crosses  given  by  Hurst,  t  in  which 
the  female  parent's  characters  alone  appeared  as  the  result  of  certain 
extreme  crosses,  seem  rather  to  illustrate  the  possibility  of  partheno- 
genesis following  the  stimulus  of  fertilisation,  without  zygotic  union.] 

GaUon*s  Law  of  Ancestral  Heredity  in  relation  to  the  new  Fads. 

Such  a  preliminary  survey  of  the  phenomena  of  heredity  as  we  have 
attempted  would  be  incomplete  without  some  reference  to  this  subject. 
We  note  at  once  that  the  Mendelian  conception  of  heredity  effected  by 
pure  gametes  representing  definite  allelomorphs  is  quite  irreconcilable 
with  Galton's  conception  in  which  every  ancestor  is  brought  to  account 
in  reckoning  the  probable  constitution  of  every  descendant.  With 
respect  of  each  allelomorphic  pair  of  characters  we  now  see  that  only 
four  kinda  of  zygotes  can  exist,  the  pure  forms  of  each  character,  and 
the  two  reciprocal  heterozygotes.  On  Galton's  view  the  number  of 
kinds  is  indefinite. 

At  first  sight  it  may  appear  that  as  the  two  views  are  quite  incom- 
patible, they  must  relate  to  different  classes  of  phenomena.    In  so  far  as 

*  See  Weldon,  *  Biometrika;  IjlWi^^'C^-.W 
f  'J.B.  Hort.  Soc.;  xxW,\W>0,vV-^^-^- 
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character  may  be  fixed  at  once  by  selecting  recessives,  and  that  this 
fixity  may  have  nothing  to  do  with  the  novelty  of  the  character,  its 
**  prepotency/'  &c.,  and  that  the  heterozygote  may  never  come  true. 

Gkilton's  law  in  fact  does  not  recognise  that  absolute  purity  which  is 
80  common  a  phenomenon  in  breeding,  as  it  is  in  nature.  The  breeder, 
in  hosts  of  instances,  is  not,  as  a  matter  of  fact,  constantly  troubled 
hy  recurrences  of  forms  with  which,  even  in  his  own  practice,  his 
strain  has  been  crossed.  Of  tjiis  the  full  explanation  is  now  seen; 
for  if  two  similar  gametes  meet,  their  offspring  will  be  no  more 
likely  to  show  the  other  allelomorph  than  if  no  cross  had  ever  taken 
place. 

Conclusion. 

We  have  now  sketched  the  principal  deductions  already  attained  by 
the  study  of  cross-breeding,  and  we  have  pointed  out  some  of  the 
results  now  attainable  by  that  method.  The  lines  on  which  such 
experiments  can  be  profitably  undertaken  are  now  clear  and  a  wide 
field  of  research  is  open. 

The  properties  of  each  character  in  each  organism  have,  as  regards 
heredity  and  variation  to  be  separately  investigated,  and,  for  the 
present,  generalisation  in  regard  to  those  properties  must  be  foregone. 
The  outlook,  in  fact,  is  not  very  different  from  that  which  opened  in 
chemistry  when  dofiniteness  began  to  be  perceived  in  the  laws  of 
chemical  combination.  It  is  reasonable  to  infer  that  a  science  of 
Stoechiometry  will  now  be  created  for  living  things,  a  science  which 
shall  provide  an  analysis,  and  an  exact  determination  of  their  con- 
stituents. The  units  with  which  that  science  must  deal,  we  may 
speak  of,  for  the  present,  as  character-units,  the  sensible  manifestations 
<^  physiological  units  of  as  yet  unknown  nature.  As  the  chemist 
studies  the  properties  of  each  chemical  substance,  so  must  the  pro- 
perties of  organisms  be  studied  and  their  composition  determined. 

To  the  solution  of  the  practical  problems  of  heredity,  and  a  deter- 
mination of  the  laws  of  breeding  both  plants  and  animals,  this  is  the 
first  step.  The  attainment  of  these  solutions  is  now  only  a  question 
of  time  and  patience. 

That  the  same  method  will  give  the  key  to  the  nature  of  specific 
differences,  we  may  perhaps  fairly  hope.  Certain  it  is  that  irntil  the 
several  characters  are  thus  disentangled  and  their  variations  classified, 
no  real  progress  with  this  question  can  be  expected.^ 

*  It  is  absolutely  necessary  that  in  work  of  this  description  some  uniform 
notation  of  generations  should  be  adopted.  Great  confusion  is  created  bj  the 
use  of  merely  descriptiye  terms,  such  as  "first  generation,"  "second  generation 
of  hybrids,"  &c.,  and  it  is  clear  that  even  to  the  understanding  of  the  com^ra- 
tively  simple  cases  with  which  Mendel  dealt,  the  ivaiut  oi  %otdl«  va^s^  vj^XfttsOaa^X^ 
to  diBcultjr.    In  the  present  paper  we  have  ioWowed  \.\io  m%>mX  taft^^*  ot  ^v^stw 


MrperimejUal  Sindm  in  the  Fhysmiogy  of  Merediip, 

[Since  this  Report  was  written^  a  paper  has  appeared  bj  IVoltKor 
Wei  don,  entitled  "  Mendel's  Laws  ol  Alternative  Inh4)ntMitce  in  Pout,"* 
questioning  the  importance  of  Mendel's  dkcovery.  This  paper  wiQ  ht 
dealt  with  in  a  separate  publication  by  W,  Bateson^  entitled  **  Mendel*» 
Priociples  of  Heredity,"  with  which  is  ineorporated  a  traiislation 
Mender^s  papei^. — March  1902.] 
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aioti^  but  in  fatuffi  we  propoao  to  iibc?  a  ftyat^tn  ^  notation  modelled  cm  thftt  lucd 
by  G^ton  in  *  Hereditikrj  Qetiius.^  We  suggest  %9  a  conrenionfc  deaignftttoD  far  ike 
parental  generation  tbo  letter  F.  In  croMing,  the  P  genemtioti  are  thif  pofr 
loFius.  The  oSepnng  of  th«  6r^t  cross  are  the  flnt  fltial  geiuw&tion  F,  8tibt»^ 
,  quent  filiaJ  geoerationB  m^j  be  dt^noted  by  F^  Fj*  ^-  SliidWlyi  sbaH^sg  tr&m 
any  subjeet-indiTldualj  P^  is  tlie  grand  parental^  P^  the  great- gmndpan^otal  gca^n* 
tioni  lUid  9o  on.  We  suggest  tbi^  torroinologj  bere  for  tbe  etiEisiikiratioti  of  otli9r¥ 
who  are  working  in  tbe  eam«;  field.  An  tbat  U  ssiaitittl  m  to  obtain  uiufotmitj, 
liod  it  ii^  quite  likely  tbat  a  better  »)^tem  muy  be  suggested* 
•  '  Btometrila/  I,  1902,  Ft,  II. 


[JSo/fl  io  pa^n  '140^  '*  Cupid  Sweet  Pea/*^Mr  Hunt  called  our  attention  iQ  a 
passage  iti  *  Report  of  the  Sweat  Pea  Bieenteit&ry  Celebration,  1900'  (publi*biid  hf 
Mr.  R,  Dean}^  p.  26,  wbere  it  ia  stated  tbat  Mr.  LuJtton^  of  Jjedford^  t^roind 
Cupida  and  tall  formr,  produeiug  almost  uU  ialit  on  tbe  6i*at  cro»e.  loquury  from 
Me«»r».  Laxton  elicited  tbe  tact  tbat  ii^  this  Report  the  ta&U  irere  bj  mblaltf 
iaferted,] 


